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PREFACE. 



The object of this book is to provide, in moderate bulk, a collee- 
tion of Rulea and Tables relating to those parts of njatheuiatical 
and mechaoieal science who«e application most frequently occurs 
in tbe useful arts, and especially in engineering and practical 
mecbanicsL The . use of algebraical symbols is avoidedj except in 
thoi^ cases in which the rules cannot be clearly expressed without 
them, 

The rules and tables of the Pii'st Part belong to Arithmetic 
and Mensuration. The tables of well-known quantitiesj such bm 
squares^ cubes, and logarithmSj have been drawn from the most 
trustworthy sourceSj and their accuracy independently tested 
throughout ; the cii'cuTnterences and areas of circles may be rehcd 
on to the last figure. The table of trigonometrical functions con- 
sists of only a single page; but it is sufficient, neverthelesSj for the 
solution of such problems in practical mechanics as involve the use 
of those functions; for purposes of Geodeaj, the ofily proper trig- 
onometrical tables are such as fill a largo part of a bulky volume. 
The summary of the rules of trigonometiy is complete* Gre-at 
care has been bestowed on the arrangement and explanation of 
those important rules winch relate to the moasiii^ement of the areas 
of surfaces, VDlumes of solid figures, aod lengths of curves, and the 
finding of the centres of magnitude of all those classes of figures. 

The Second Part relates to the MeasureSj commonly so called, of 
different nations, and contains tables and rules relating not only 
to measui^es of angles, time, length, suiface, volume^ weight, and 
value, but to those of quantities more or less complex, such as 
speed, heaviness, pressure, work, power^ moment, absolute force, 
and heat The values of the various units of measure mentioned 
are compared with the standards of the Biitish legal system, and 
of the metrical system (whose use is now jiermitted in Britain) ; 
and those standards are compared with each other according to the 
best authorities— viz., the paper cf Mr. lui^, ii^t<^tsssisk«^^-^^fi^^ 
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on "Standards of Measure," and that of Professor Miller on the 
*' Standard Pound." The tables of multipliers for the conversion 
of measures are numerous and varied, and arranged with a view- 
to compactness. 

The Third Part relates to Engineering Greodesy, comprehending 
surveying, levelling, and the setting out of works. The rules 
which depend on the figure and dimensions of the earth, such as 
those for calculating the lengths of arcs of the meridian, and of arcs 
intersecting the meridian at different angles, are founded on the 
most probable determinations of the earth's dimensions. The rules 
for the setting out of works comprehend directions for ranging 
curves on lines of railway, and for easing the changes of curvature 
at the junctions of such curves with each other, and with straight 
lines. The Part concludes with a system of rules for the measure- 
ment of earthwork. 

The Fourth Part relates to Distributed Forces and Mechanical 
Centres. It includes tables of heaviness^ and specific gravity, and 
of expansion by heat; and rules for finding centres of gravity, 
moments of weight and of inertia, centres of pressure, centres of 
percussion, and centres of buoyancy. 

The Fifth Part relates to the Balance and Stability of Structures, 
including frames, chains, and arched ribs, retaining walls, piers and 
abutments, arches of masonry, and foundations of different kinds. 

The Sixth Part relates to the Strength of Materials. It com- 
mences with a series of tables of the resistance of various kinds of 
materials to straining actions of different kinds ; followed by rules 
for the computation of the strength of materials in the various 
forms in which they are used in structures and machines ; such as 
ties, pipes and cylinders, pillars, axles, beams, chains, and arches. 

The Seventh Part relates to Machines in general ; giving in the 
first place rules for the comparison of the motions of different points 
in a machine, and for the designing of the more important parts of 
mechanism, such as wheels and their teeth, speed-cones, parallel 
motions, &c. These are followed by rules relating to the work of 
machines at uniform speed and at varying speed, to centrifugal 
force, the balancing of machinery, and the use of fly-wheels ; and 
by directions how the rules of the sixth part are to be applied to 
. the strength of machinery. In the course of this Part, rules are 
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given for the resistance of carriages on roads and railways, the 
tractive power of locomotives, and the ruling gradients of railways. 
The Part concludes with rules as to the power of horses and other 
animals, and of men, and a table of the quantity of labour required 
in various operations. 

In the Eighth Part are given rules applicable to Hydrajulic and 
Marine Engineering; such as those which determine the head re- 
quired to produce a given discharge of water through a given 
channel or pipe ; the discharge from a given outlet with a given 
head ; the dimensions of the pipe or channel required to discharge 
water at a given rate with a given head; and the strength of water- 
pipes. Then follow rules for the designing of hydraulic prime 
movers ; such as vertical water-wheels, overshot or undershot, and 
turbines ; then rules applicable to windmills. Lastly, rules are 
given for the estimation of the resistance of water to the motion of 
ships ; for the determination of the proper dimensions of propelling 
instruments of different kinds, jets, paddles, or screws, and of the 
engine-power required to drive them; and for calculating the 
quantity of sail which a given ship can safely carry ; — all founded 
on practical experience on the large scale. 

The Ninth Part relates to Heat and the Steam Engine. It con- 
tains a system of rules and tables founded on the true principles of 
thermodynamics, and at the same time reduced to a degree of 
brevity and simplicity which it is believed has not hitherto been 
attained, for determining the relations between work done and 
heat expended in any actual or proposed steam engina Those 
are followed by rules for fixing the leading dimensions of the 
pnncipal parts of an engine required to do a given duty under 
given circumstances : for the heating power and the expenditure 
of fuel : for the efficiency and dimensions of furnaces and boilers ; 
and for the proportioning of slide-valve gear, link-motions, and 
other fittings of steam engines. At the end of the text is a 
plate containing a pair of diagrams of the mechanical properties of 
steam, by the use of which much of the labour of calculation may 
be saved ; and this is followed by a very full alphabetical index. 

W. J. M. R 

Glasgow UNrvEKSixY, May, 1866. 
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USEFUL EULES AND TABLES. 



PAET I. 

NUMBERS AND FIGURES. 

Table 1. — Squares, Cubes, Reciprocals, and Common 
Logarithms op Numbers prom 101 to 999. 

Explanation. 
Squares^ Cvhes, and Reciprocals. 5" 

1. The square, cube, and reciprocal of 1 are each of them 1. 

2. The square of any integer power of 10 is 1 followed by twice 
as many noughts as there are in the original number; for example, 
102 ^ 100; 1002 = 10000, &c. 

3. The cube of any integer power of 10 is 1 followed by thrice 
as many noughts as there are in the original number; for example, 
102 = 1000 ; 1002 = 1000000, &c. 

4. The reciprocal of any integer power of 10 is 1 preceded by a 
decimal point, and by one nought fewer than the oiiginal number 
contains. For example, 

5. The table gives the squares and cubes of all integer numbers 
consisting of three figures. To find the square and cube of any 
integer number consisting of two figures or one figure ; annex one 
or two noughts, as the case may be ; look for the number so formed 
in the left-hand column, take the square and cube opposite to it, 
and omit the noughts from the right of each of them. For example, 
to find the square and cube of 15 ; look for 150; then we find 

Nranber. Square. Cube. 

150 22500 3375000 

from which, omitting the noughts, we obtain 

15 225 3375 

B 
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Agaio, to find the square and cube of 7, look for 700; then we 
find 

Nmnber. Square. Cube. 

700 490000 343000000 

from which, omitting the noughts, we obtain 

7 49 343 

6. To find the square and cube of a number consisting of three 
figui-es followed by noughts ; find the square and cube opposite the 
first three figures in the table ; annex twice as many noughts to 
the square, and thrice as many noughts to the cube. For example. 

Number. Square. Cube. 

377 142129 53582633 

3770 14212900 53582633000 

37700 1421290G00 53582633000000 
and so on. 

7. The square and cube of a number consisting either wholly or 
partly of decimal fractions consist of the same figui-es as if the 
number were an integer; but the square contains twice as many, 
and the cube thrice as many places of decimals as the original 
number. The proper number of places is to be made up by pre- 
fixing noughts when required. For example. 



Number. 


Square. 


Cube. 


377 


I42129 


53582633 


377 


I421'29 


53582633 


377 


14*2129 


53582633 


•377 


•I42I29 


•053582633 


•0377 


•OOI42I29 
and SO on. 


•000053582633 



8. The reciprocals given in the table are those of integers of 
three figures. For every nought that is annexed to the rigfU of 
the original number, a nought is to be inserted at the left of the 
reciprocal; and for every place of decimals that is cut off at the 
right of the original number, the decimal point is to be shifted one 
place to the right in the reciprocal. For example, 

Number. Reciprocal. 

160 '00625 

1600 '000625 

16000 '0000625 

and so on; 

16 -0625 

1-6 -625 

•16 6*25 

•016 625 . 

•0016 625 

and so on. 
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9. The reciprocal of tlie reciprocal of a number is the original 
number itself. For example, 

The reciprocal of i6o is '00625 
The reciprocal of '00625 is 160 

Hence, when convenient, the reciprocal of a number may some- 
times be found by looking for the number in the column of reci- 
procals, and the reciprocal in the column of onginal numbera. 

10. To reduce a vulgar fraction to a decimal fraction ; multiply 
the reciprocal of the denominator of the vulgar fraction by the 
numerator. For example^ to reduce 11-1 6 ths to a decimal 
fraction ; 

Reciprocal of 16, '0625 

X Numerator, 11 

•6875 Answer. 

Note. — The only numbers whose reciprocals can be expressed 
exactly in decimal fractions are 2, 5, and their powers and pro- 
ducts. Numbers divisible by any other prime factor give either 
repeating or circuiting decimals as their reciprocals. 

1 1. The square of the product of two numbers is the product of 
their squares; the cube of their product is the product of their cubes. 
For example, 

19982 = (999-x 2)2=9992x22 
= 998001x4 = 3992004; 

19983 = (999x 2)8= 9993x23 
= 997002999 x 8 = 7976023992. 

12. To find the square of a quotient or fraction; divide the 
square or cube of the dividend or numerator by the square or cube 
of the divisor or denominator. For example, 



^)'' = ?|? = ^=249500-2o- 



f ^-741! = ??I^= 124625374-875. 

13. To find the square of the sum of two numbers; add together 
their squares and twice their product. For example, to find the 
square of 37725 = 37700 + 2q ; 

377002 = 1421290000 

252 = 625 

37700 X 25 X 2 = 1885000 

377252 = 1423175625 Sum. 

14. To find the square of the difference of two numbers ; from. 
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the sura of their squares subtract twice their product. Example : 
to find the square of 37725 = 37800 - 75 ; 

378002 = 1428840000 
752= 5625 

1428845625 Sum. 
37800 X 75 X 2 5670000 Subtract^. 

377252 (as before) 1423175625 Hemamder. 

15. To find the cube of the sum of two numbers; add together tlie 
cubes of the numbers and three times the square of each multiplied 
by the other. 

For example, to find the cube of 37725 = 37700 + 25; 

377003 -. 53582633000000 
253= 15625 

377002 X 25 X 3 

= 1421290000 X 25 x5= 106596750000 
37700 X 252 X 3 = 70687500 

377253= 5368y300453125 Sum, 

16. To find the cube of the difference of two numbers; to tlie 
cube of each of them add three times its product by the square of 
the other; subtract the less of those sums from the greater. For 
example, to find the cube of 37725 = 37800 - 75 ; 

378003 = 54010152000000 
37800x752x3= 637875000 



753= 421875 

75 X 378002 X 3 = 321489000000 



54010789875000 Sum. 
321489421875 Sum. 



377253 (as before) 53689300453125 Diffl 

Extraction 0/ Square and Cube Boots, 

17. For convenience in the extraction of roots, the squares in 
the table are divided into periods of two figures, commencing at the 
right, the left-hand period sometimes containing one figure only ; 
and the cubes are divided into periods of three figures, commencing 
at the right, the left-hand period sometimes containing two figures 
or one figure only. The number of periods in the square and the 
cube respectively is the same with the number of figures in the 
root, or original number; and should there be a decimal point 
between two figures of the root, the decimal points in the square 
and cube respectively are between the periods corresponding to 
those figures. (For examples, see Articles 6 and 7.) 

' S. To find the square root of an exact square of not more than 
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six figures; divide the given square into periods of two figures, 
beginning at the decimal point ; look in the column of squares for 
the same figures, similarly divided into periods; the root will be 
opposite. Then place the decimal point so that the root shall have 
the same number of integer figures that the square has of integer 
periods. 

19. To extract the approximate square root of a given number 
that is not an exact square, correct to three figures; divide the 
given number into periods of two figures, commencing at the 
decimal point; then look in the column of squares for the nearest 
square that lias the same lefi-Jiand period with the given number; the 

' root opposite that square will give the first three figures of the 
required root. Then place the decimal point as directed in 
Eule 18. . 
• . 20. To extract the approximate square root of a given number 

^^aving three periods of figures that is not an exact square, correct 
to five places of figures. For the first three figures, take the root 
of that square in the table which is next below the given number, 
and has its left-hand period Hie sanie. Subtract that square from 
the given number; annex two noughts to the remainder; then 
divide it by the sum of the three figures found and the next greater 
root in the table; the integer figures of the quotient will be the 
two additional figures of the approximate root. (Should there 
be but one integer figure in the quotient, insert a nought 



before it.) 



Examples- op Rules 18, 19, and 20. 



I. Extract the square root of 1421*29. Divide this number 
into periods of two figures, thus, 14 21 '29. Then amongst 
the squares in the table whose left-hand period is 14 is found 
142129, the square of 377; so that the given number is an 
exact square. The decimal point coming between the second and 
third periods of the square shows that the decimal point comes 
between the second and third figures of the root; which is there- 
fore 37-7. 

II. Extract the approximate square root of 1433 '18, correct to 
three figures. Divide the number into periods of two figures, thus, 
14 23 -18. 

Given number, 14 23 -18 

Nearest square of which the ) i i oi oq qt ts 
left-hand period is 14, / ^^ ^^ '^^ = ^^'^ 

Therefore 37*7 is the approximate root required. 

IIL Extract the approximate square root of 1423*18, correct to 
five figures; 
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Given number, in periods as before, 14 23 'IS 

Next less square in the table, 14 21 '29 = 37-7* 

Divide by 377 + 378 = 755 ) 1 SdOO Djff: ' 

Quotient, being the two additional figures required, 25 ; 
37*725, approximate root 

Note. — It is essential that the left-hand period^ and not merely 
the left-hand figures, of the square in the table should agree with 
the given number; otherwise great errors will arise. In the 
examples given the same left-hand figures are found in 14161, the 
square of 119, as in the given number; but the left-hand period is 
only 1 instead of 14; and it would be a great eri'or to take 119 as 
an approximation to the root required. 

The same remark applies to the iniles for extracting the cube 
root, now about to be given. 

21. To find the cube root of an exact cube of not more than 
nine figures ; divide the given cube into periods of three figures, 
beginning at the decimal point ; look in the column of cubes for 
the same figures similarly divided into periods; the root will be 
opposite. Then place the decimal point so that the root shall have 
the same number of integer figures that the cube has of integer 
periods. 

22. To extract the approximate cube root of a given number 
that is not an exact cube, correct to thi-ee figures; divide the 
given number into pei-iods of three figures, commencing at the 
decimal point; then look in the column of cubes for the nearest 
cube that lias the same left-hand period with the given number ; the 
root opposite that square will be the required approximate root. 

23. To extmct the approximate cube root of a given number 
Laving three periods of figures that is not an exact cube, correct 
to five places of figures. For the first three figures, take the root 
of that cube in the table which is next below the given number, 
and has its left-hand pei'iod the same. Subtract that cube from the 
given number; annex two noughts to the remainder; then divide 
it by the three figures already found, by the same three figures 
plus one, and by 3 ; the integer figures of the quotient will be the 
two additional figures of the approximate root. (Should there b© 
but one integer figure in the quotient, insert a nought before it). 

Examples op Rules 21, 22, and 23. 

I. Extract the cube root of 53*582633. Divide the number into 

periods of three figures, beginning at the decimal point, thus, 

53*582 633, Then amongst the cubes in the table whose left-hand 

period is 53 there is found 53 582 633, the cube of 377 ; so that the 

^ninber is an exact cube. The decimal point coming between 
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the first and second periods in the cuhe shows that the decimal 
point comes between the first and second periods in the root; 
which is therefore 3*77. 

II. Exti-act the approximate cube root of 53*6893, correct to 
three figures. Divide the number into periods of three figures, 
thus, 53-689 300. Then we have, 

Given number, 53- 689 300' 

Nearest cube of which the ) ^3. ^g^ 333 ^ 3.7^3 
left-hand period is 53,. .. J 
Therefore 3*77 is the approximate root required. 

III. Extract the approximate cube root of 53-6893, correct to 
five figures. 

Given number, in periods as before,... 53- 689 300 

Next less cube in the table, 53- 582 633 = 3-77^ 

Divide by 377 ) 106 667 00 Diff. 

Divide by 378 ) 282 93 

Divide by 3 ) 75 

Quotient, being the two additional figures required, 25 
3'7725, approximate root. 

Use of Sqwj/res for MiUtiplication, 

24. To multiply two numbers together by means of a table of 
squares. 

Case I. If both numbers nve odd, or both even; from the square 
of their half-sum subtract the square of their half-difference ; the 
remainder will be the product required. 

Case II. If one number is odd, and the other even ; subtract 
1 from the even number, so as to leave an odd remainder ; 
multiply the first odd number and the odd remainder together as 
in Case I, and to their product add the first odd number; the sum 
will be the product required. 

Example I.— Multiply together 377 and 591 

968 
Half-sum, -^ = 484 ; its square, 234256 

214 
Half-diff., ^ = 107 ; its square, 11449 

Product required, 222807 

Example II. — Multiply together 377 and 592. 
377 X 591, by Case I. = 222807 
Add 377 

Product required, 223184 
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Common Logarithms, 

25, The logarithm of 1 is 0. 

26. The common logarithm of 10 is 1, and that of any power of 
10 is the index of that power; in other words, it is equal to the 
number of noughts in the power; thus the common logarithm of 
100 is 2; that of 1000, 3; and so on. 

27. The common logarithm of '1 is — 1, and that of any power 
of '1 is the index of that power with the negative sign; that is, it 
is equal to one more than the number of noughts between the 
decimal point and the figure 1, with the negative sign ; for example, 
the common logarithm of -01 is— 2; that of '001, — 3; and so on. 

28, The logarithms given in the table ai-e merely the fractional 
jmrts of the logarithms, connect to five places of decimals, without 
the integral parts or indices; which are supplied in each case 
according to the following rules : — 

The index of the common logarithm of a number not less than 
1 is one less than the number of integer places of figures in that 
number; that is to say, for numbers less than 10 and not less than 
1, the index is ; for numbers less than 100 and not less than 10, 
the index is 1 ; for numbers less than 1000 and not less than 100, 
the index is 2 ; and so on. 

The index of the common logarithm of a decimal fraction less 
than 1 is negative, and is one more than the number of noughts 
between the decimal point and the significant figures; and the 
negative sign is usually written above instead of before the index ; 
that is to say, for numbers less than 1 and not less than '1, the 
index is 1; for numbers less than '1 and not less than *01, the 
index is 2 ; and so on. 

The fractional part of a common logarithm is always positive, 
and depends solely upon the series of figures of which the number 
consists, and not upon the place of the decimal point amongst 
them. 

Examples. 



NmnlMr. 


Logarithm. 


377000 


5-57634 


37700 


457634 


3770 


357634 


377 


2-57634 


377 


1-57634 


377 


0-57634 


•377 


1-57634 


•0377 


a-57634 


•00377 


3-57634 


and 80 on. 
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29. The logarithm of a product is the sum of the logarithms of 
its factors. 

30. The logarithm of a ppwer is equal to the logarithm of the 
root multiplied by the index of the power. 

31. The logarithm of a quotient is found by subtracting the 
logarithm of the divisor from the logarithm of the dividend. 

32. The logarithm of a root is found by di>'iding the logarithm 
of one of its powers by the index of that power. 

Note. — In applying the principles 29 and 31 to logarithms of 
numbers less than 1, it is to be observed that negative indices are 
to be subtracted instead of being added, and added instead of being 
subtracted. 

33. To avoid the inconvenience which attends the use of negative 
indices to logarithms, it is a very common practice to put, instead 
of a negative index to the logarithm of a fraction, the complement 
(as it is called) of that index to 10; that is to say, 9 instead of T, 
8 instead of 2, 7 instead of 3, and so on. In such cases, it is always 
to be understood that each such complementary index has — 10 
combined with it; and to prevent mistakes, it is useful to prefix 
— 10+ to it j for example, 

VfimiiAr Logarithm with Logarithm with 

pimnDer. Negative Index. Complementary Index. 

•377 1'57634 -10 + 9-57634 
•0377 2-57634 -10 + 8-57634 

•00377 3-57634 -10 + 7*57634 

• 

34. To find the fractional part of the common logarithm of a 
number of five places of tigures j take from the table the logarithm 
corresponding to the first three figures, and the difference between 
that logarithm and the next greater logarithm in the table; mul- 
tiply that difference by the two remaining figures of the given 
number, and divide by 100; the quotient will be a correction, to 
be added to the logarithm already found. 

ExA-MPLE. — Find the common logarithm of 37725. 

Log. 377, 57634 

Log. 378, .57749 

Difference, 115 

X 25 + 100 

Correction, 29 

^ Add log. 377, 57634 

Log. 37725, 57663 Answer, 

35. To find the natural number, or antilogarUhm, corresponding 
to a common logarithm of five places of decimals, which is not in 
the table; find the next less, and the next greater logarithm ia 
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the table, and take their difference. Opposite the next less 
logarithm will be the first three figures of the antilogaritbm. 
Subtract the next less logarithm from the given logarithm ; annex 
two noughts to the remainder, and divide by the before-mentioned 
difference; the quotient will give two additional figures of the 
required antilogarithm. (The first of those figures may be a 
nought.) 

Example. — Find the antilogarithm of the common logarithm 
•57663. 

Next less log. in table, 57634 

Next greater, 57749 

Difference, 115 

Given logarithm, 57663 

Subtmct log. 377, 57634 

Divide by difference, 115)2900 

Two additional figures,... 25 

go that the answer is 37725. 



Explanation op Table 1 a and Table 2. 

Table 1 A, immediately following Table 1, gives the approximate 
square roots, cube roots, and reciprocals of the prime numbers 
from 2 to 97 inclusive; the roots to seven, and the reciprocals to 
nine places of decimals. 

Table 2, following Table 1 a, gives the squares and fifth powers 
of numbers from 10 to 99 inclusive. 
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No. 


Square. 


Cube. 


Reciprocal 


C. Log. 


lOI 


I 02 01 


I 030 301 


•009900990 


00432 


102 


10404 


I 061 208 


•009803922 


00860 


103 


... I 06 09 


... I 092727 


-009708738 


01284 


104 


108 16 


I 124864 


•009615385 


01703 


105 


I 1025 


I 157 625 


•009523810 


02119 


106 


... I 12 36 


... I 191 016 


'009433962 


02531 


107 


I 14 49 


I 225 043 


•009345794 


02938 


108 


I 1664 


I 259712 


•009259259 


03342 


109 


... I 1881 


... 1295029 


-009174312 


03743 


IIO 


I 2t 00 


I 331 000 


•009090909 


04139 


III 


I 2321 


I 367 631 


•009009009 


04532 


112 


... 12544 


... 1404928 


-008928571 


04922 


113 


I 27 69 


1442897 


•008849558 


05308 


114 


I 2996 


I 481 544 


•008771930 


05690 


115 


... 13225 


... 1520875 


^008695652 


06070 


116 


13456 


I 560 896 


•008620690 


06446 


117 


13689 


I 601 613 


•008547009 


06819 


118 


... 13924 


... 1643032 


-008474576 


07188 


119 


141 61 


I 685 159 


•008403361 


07555 


120 


14400 


I 728000 


•008333333 


07918. 


121 


... I 46 41 


... I 771 561 


-008264463 


08279 


122 


14884 


I 815 848 


•008196721 


08636 


123 


15129 


I 860 867 


•008130081 


08991 


124 


... 15376 


... I 906 624 


-008064516 


09342 


125 


15625 


I 953 125 


•008000000 


09691 


126 


15876 


2000376 


•007936508 


10037 


127 


... I 61 29 


... 2048383 


-007874016 


10380 


128 


16384 


2097 152 


•007812500 


10721 


129 


I 66 41 


2 146689 


•007751938 


11059 


130 


... I 6900 


... 2 197 000 


-007692308 


11394 


131 


17161 


2248091 


•007633588 


11727 


132 


17424 


2 299 968 


•OO757575B 


12057 


133 


... 17689 


... 2352637 


.......007518797 


12385 


134 


17956 


2 406 104 


•007462687 


12710 


135 


I 82 25 


2460375 


•007407407 


13033 


136 


... 18496 


... 2515456 


-007352941 


13354 


137 


18769 


2571353 


•007299270 


13672 


138 


19044 


2628072 


•007246377 


13988 


139 


... I 93 21 


... 2685619 


-007194245 


I43OI 


140 


I 9600 


2744000 


•007142857 


14613 


141 


I 98 81 


2803221 


•007092199 


14922 


142 


,.. 201 64 


... 2863288 


-007042254 


15229 


143 


2 04 49- 


2 924 207 


•006993007 


15534 


144 


20736 


2 985 984 


•006944444' 


15836 


145 


21025 


3 048 625 


•006896552 


16111 { 
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No. 


Square. 


Cube. 


Reciprocal 


CLog. 


146 


2 13 16 


3 "2 136 


•006849315 


16435 


147 


2 1609 


3176523 


•006802721 


16732 


148 


... 2 1904 


... 3241792 


-006756757 


17026 


149 


2 22 01 


3 307 949 


•0067 1 1 409 


17319 


150 


2 2500 


3 375 000 


•006666667 


17609 


151 


... 2 2801 


... 3442951 


^006622517 


17898 


153 


23104 


3 51 1 808 


•006578947 


18184 


153 


23409 


3581577 


•006535948 


18469 


154 


... 237 16 


... 3652264 


^0064 93506 


18752 


155 


24025 


3723875 


•006451613 


19033 


156 


2 43 36 


3796416 


•006410256 


19312 


157 


... 24649 


...3869893 


^006369427 


19590 


158 


24964 


3944312 


•006329 II 4 


19866 


159 


25281 


4019679 


•006289308 


20140 


160 


... 25600 


... 4096000 


-006250000 


20412 


161 


25921 


4 173 281 


•006211180 


20683 


163 


26244 


4251528 


•006172840 


20952 


163 


... 26569 


... 4330747 


^006134969 


21219 


164 


26896 


4410944 


•006097561 


21484 


165 


27225 


4492125 


•006060606 


21748 


166 


... 27556 


... 4574296 


-006024096 


22011 


167 


27889 


4657463 


•005988024 


22272 


168 


282 24 


4741632 


•005952381 


22531 


169 


... 28561 


... 4826809 


-005917160 


22789 


170 


28900 


4 913 000 


•005882353 


23045 


171 


29241 


5 000 211 


•005847953 


23300 


172 


... 29584 


... 5088448 


-005813953 


23553 


173 


29929 


5177717 


•005780347 


23805 


174 


30276 


5268024 


•005747126 


24055 


175 


... 30625 


... 5 359 375 


^005714286 


24304 


176 


30976 


5451776 


•00568 1 8 18 


24551 


177 


31329 


5 545 233 


^0056497 18 


24797 


178 


... 31684 


... 5639752 


-005617978 


25042 


179 


32041 


5 735 339 


•005586592 


25285 


180 


32400 


5 832 000 


•005555556 


25527 


181 


... 32761 


... 5929741 


.-005524862 


25768 


182 


33124 


6 028 568 


•005494505 


26007 


183 


33489 


6 128487 


•005464481 


26245 


184 


...33856 


... 6229504 


^005434783 


26482 


? 


3 42 25 


6331625 


•005405405 


26717 




34596 


6434856 


•005376344 


26951 




... 34969 


... 6539203 


-005347594 


27184 




3 5344 


6644672 


•005319149 


27416 


} 


35721 


6751269 


•005291005 


27646 


po 


361 00 


6 859 000 


•005263158 


27875 
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No. 


Square. 


191 


36481 


192 


36864 


193 


... 37249 


194 


37636 


195 


38025 


196 


... 38416 


197 


38809 


198 


39204 


199 


... 39601 


200 


40000 


201 


40401 


202 


... 40804 


203 


41209 


204 


4 16 16 


205 


... 42025 


206 


42436 


207 


42849 


208 


... 43264 


209 


43681 


210 


441 00 


211 


... 44521 


212 


4 49 44 


213 


45369 


214 


... 45796 


215 


46225 


216 


46656 


217 


... 47089 


218 


47524 


219 


47961 


220 


... 48400 


221 


48841 


222 


49284 


223 


... 49729 


224 


50176 


225 


50625 


226 


... 51076 


227 


51529 


228 


51984 


229 


... 52441 


230 


52900 


231 


5 33 61 


232 


...53824 


233 


54289 


234 


54756 


235 


5 52 25 



Cube. 
6967871 

7 077 888 
. 7189057 

7 301 384 
7414875 

• 7529536 
7645373 
7762392 

. 7880599 

8 000 000 
8 120 60T 

. 8 242 408 

8 365 427 

8 489 664 

. 8615 125 

8 741 816 
8869743 

. 8998912 
9129329 

9 261 000 

• 9393931 
9528 128 

9663597 
. 9800344 

9 938 375 

10077 696 

.10218313 

10360 232 

10503459 

.10648000 

10 793 861 

10 941 048 
.11 089 567 

11 239424 
II 390625 

.11543176 
II 697 083 

11 852 352 
.12 008 989 

12 167 000 
12 326 391 

.12487 168 
12649337 
12 812 904 
12977875 



Reciprocal. 


CLog. 


•005235602 


28103 


•005208333 


28330 


-005181347 


28556 


•005154639 


28780 


•005128205 


29003 


-005102041 


29226 


•005076142 


29447 


•005050505 


29667 


-005025126 


29885 


•005000000 


30103 


-004975124 


30320 


^004950495 


30535 


-004926108 


30750 


-00490 1 96 1 


30963 


-004878049 


31175 


•004854369 


31387 


•004830918 


31597 


-004807692. 


31806 


•004784689 


32015 


•004761905 


32222 


'004739336 


32428 


•0047 1 6 98 1 


32634 


V -004694836 


32838 


-004672897 


33041 


•00465 1 1 63 


33244 


-004629630 


33445 


-004608295 


33646 


-004587156 


33846 


-004566210 


34044 


-004545455 


34242 


•004524887 


34439 


•004504505 


34635 


-004484305 


34830 


•004464286 


35025 


•004444444 


35218 


-004424779 


35411 


-004405286 


35603 


•004385965 


35793 


-004366812 


35984 


-004347826 


36173 


•004329004 


36361 


-004310345 


36549 


•004291845 


36736 


•004273504 


36922 


•004255319 


[ atio'i 



u 



No. 


Square. 


Cube. 


Reciprocal. 


CLos- 


236 


55696 


13 144 256 


•004237288 


37291 


237 


561 69 


13 312 053 


'OO4219409 


37475 


238 


... 56644 


...I3481272 


-004201681 


37658 


239 


5712I 


13 651 919 


•004 1 84 1 00 


37840 


240 


57600 


13824000 


•004166667 


38021 


241 


... 58081 


...13 997 521 


-004149378 


38202 


242 


58564 


T4 172 488 


•OO4I3223I 


38382 


243 


59049 


14348907 


•OO4II5226 


38561 


244 


... 59536 


...14526784 


-004098361 


38739 


245 


60025 


14706 125 


-004081633 


38917 


246 


60516 


14886936 


-004065041 


39094 


247 


... 6 1009 


...15069223 


-004048583 


39270 


248 


61504 


15252992 


•004032258 


39445 


249 


6 2001 


15438249 


•004016064 


39620 


250 


... 62500 


...15625000 


^004000000 


39794 


251 


63001 


15 813 251 


•003984064 


39967 


252 


63504 


16003008 


•003968254 


40140 


253 


... 64009 


...16 194 277 


'003952569 


40312 


254 


64516 


16387064 


•003937008 


40483 


255 


65025 


16 581 375 


•003921569 


40654 


256 


... 65536 


...16777 216 


^003906250 


40824 


257 


66049 


16974593 


•00389 1 05 1 


40993 


258 


66564 


17173512 


•003875969 


41162 


259 


... 67081 


...17373979 


^003861004 


41330 


260 


67600 


17 576 000 


•003846154 


41497 


261 


681 21 


17 779 581 


•003831418 


41664 


262 


... 68644 


...17984728 


^003816794 


41830 


263 


691 69 


18 191 447 


•003802281 


41996 


264 


69696 


18399744 


•003787879 


42160 


265 


... 70225 


...18609625 


-003773585 


42325 


266 


70756 


18 821 096 


•003759398 


42488 


267 


71289 


19 034 163 


•003745318 


42651 


268 


... 71824 


...19248832 


003731343 


42813 


269 


72361 


19 465 109 


•003717472 


42975 


270 


7 2900 


19683000 


•003703704 


43136 


271 


... 73441 


...10902511 


^003690037 


43297 


272 


73984 


20 123648 


•003676471 


43457 


273 


74529 


20346417 


•003663004 


43616 


274 


... 75076 


...20570824 


'003649635 


43775 


275 


75625 


20796875 


•003636364 


43933 


276 


76176 


21 024576 


•003623188 


44091 


277 


... 767,29 


...21253933 


-OO361OI08 


44248 


278 


77284 


21484952 


•003597122 


44404 


279 


77841 


21717639 


•003584229 


44560 


280 


7 8400 


21 952 000 


'OO3571429 


44716 
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No. 


Sqxiare. 


Cube. 


Reciprocal. 


C. Log. 


281 


78961 


22 188 041 


•003558719 


44871 


282 


79524 


22 425768 


•003546099 


45025 


283 


... 80089 


...22665187 


-003533569 


45179 


284 


80656 


22 906 304 


•003521 127 


45332 


285 


81225 


23 149 125 


•003508772 


45484 


286 


... 81796 


•••23393656 


-003496503 


45637 


287 


82369 


23 639 903 


•003484321 


45788 


288 


82944 


23887872 


•003472222 


45939 


289 


... 83521 


...24137569 


"003460208 


46090 


290 


841 00 


24 389 000 


•003448276 


46240 


291 


84681 


24642 171 


•003436426 


46389 


292 


... 85264 


...24897088 


003424658 


46538 


293 


85849 


25153757 


•003412969 


46687 


294 


86436 


25412 184 


•00340 1 36 1 


46835 


295 


... 87025 


...25672375 


-003389831 


46982 


296 


87616 


25 934 336 


•003378378 


47129 


297 


88209 


26 198073 


•003367003 


47276 


298 


... 88804 


...26463592 


003355705 


47422 


299 


89401 


26730899 


•003344482 


47567 


300 


90000 


27 000 000 


•003333333 


47712 


301 


... 90601 


...27 270901 


003322259 


47857 


302 


9 1204 


27543608 


•0033 IT 258 


48001 


303 


9 1809 


27818 127 


•003300330 


48144 


304 


... 92416 


...28094464 


^003289474 


48287 


305 


93025 


28372625 


•003278689 


48430 


306 


93636 


28652616 


•003267974 


48572 


307 


... 94249 


...28934443 


003257329 


48714 


308 


94864 


29218 112 


•003246753 


48855 


309 


95481 


29503629 


•003236246 


48996 


310 


... 96100 


...29791 000 


^003225806 


49136 


3" 


967 21 


30080231 


•003215434 


49276 


312 


9 73 44 


30371328 


•003205128 


49415 


313 


... 97969 


...30664297 


-003194888 


49554 


314 


98596 


30959144 


•OO3184713 


49693 


315 


99225 


31255875 


•003174603 


49831 


316 


... 99856 


...31554496 


-003164557 


49969 


317 


100489 


31 855 013 


•003154574 


50106 


31B 


10 II 24 


32157432 


•003144654 


50243 


319 


... 10 17 61 


...32461759 


-003134796 


50379 


320 


10 24 00 


32 768 000 


•003125000 


50515 


321 


10 30 41 


33 076 161 


•OO3II5265 


50651 


322 


... 103684 


...33386248 


-003105590 


50786 


323 


104329 


33 698 267 


•003095975 


50920 


324 


104976 


34012224 


•003086420 


51055 


325 


105625 


34328125 


•003076923 


51188 
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No. 


Square. 


Cube. 


Reciprocal 


CLog. 


326 


1062 76 


34645976 


•003067485 


51322 


327 


1069 29 


34 965 783 


•003058104 


51455 


328 


... 107584 


...35287552 


-003048780 


51587 


329 


1082 41 


35 61 1 289 


•003039514 


51720 


330 


108900 


35 937 000 


•003030303 


51851 


331 


... 109561 


...36 264691 


003021148 


51983 


332 


II 02 24 


36 594 368 


•003012048 


52114 


333 


II 08 89 


36 926 037 


•003003003 


52244 


334 


... II 1556 


...37259704 


-002994012 


52375 


335 


II 2225 


37 595 375 


•002985075 


52504 


336 


II 2896 


37933056 


•002976190 


52634 


337 


... II 3569 


...38272753 


-002967359 


52763 


338 


II 42 44 


38614472 


•002958580 


52892 


339 


II 49 21 


38958219 


•002949853 


53020 


340 


... II 5600 


...39304000 


'002941176 


53148 


341 


116281 


39 651 821 


•002932551 


53275 


342 


11 6964 


40 001 688 


•002923977 


53403 


343 


... 117649 


...40353607 


-002915452 


53529 


344 


118336 


40 707 584 


-002906977 


53656 


345 


II 90 25 


41063625 


•002898551 


53782 


346 


... II 97 16 


...41 421 736 


-002890173 


53908 


347 


120409 


41781923 


•002881844 


54033 


348 


12 II 04 


42 144 192 


•002873563 


54158 


349 


... 12 1801 


...42508549 


-002865330 


54283 


350 


12 2500 


42875000 


•002857143 


54407 


351 


123201 


43243551 


-002849003 


54531 


352 


... 123904 


...43614208 


-002840909 


54654 


353 


124609 


43 986 977 


-002832861 


54777 


354 


12 53 16 


44361864 


•0^2824859 


54900 


355 


... 12 60 25 


...44738875 


-002816901 


55023 


356 


1267 36 


45 118 016 


-002808989 


55145 


357 


127449 


45 499 293 


-002801 1 20 


55267 


358 


... 12 81 64 


...45882712 


-002793296 


55388 


359 


12 88 81 


46 268 279 


•002785515 


55509 


360 


12 9600 


46 656 000 


•002777778 


55630 


361 


... 130321 


...47045881 


-002770083 


55751 


362 


13 10 44 


47 437 928 


•002762431 


55871 


363 


131769 


47 832 147 


•002754821 


55991 


364 


... 132496 


...48228544 


-002747253 


56110 


365 


133225 


48627 125 


•002739726 


56229 


366 


133956 


49027 896 


-002732240 


56348 


367 


... 134689 


...49430863 


-002724796 


56467 


368 


135424 


49836032 


•002717391 


56585 


369 


1361 61 


50 243 409 


•002710027 


56703 


370 


136900 


50 653 000 


•002702703 


56820 



17 



JNO. 


Square. 


Cube. 


Reciprocal. 


C. Log. 


37^ 


13 76 41 


51 064 811 


•002695418 


56937 


372 


138384 


51 478 848 


•002688172 


57054 


373 


... 13 91 29 


• ..51 895 117 


'002680965 


57171 


374 


13 98 76 


52313624 


•002673797 


57287 


375 


140625 


52734375 


•002666667 


57403 


376 


... 14 13 76 


•..53157376 


-002659574 


57519 


377 


14 21 29 


53 582 633 


•002652520 


57634 


37B 


142,884 


54 010 152 


•002645503 


57749 


379 


... I4364I 


...54439939 


'002638522 


57864 


380 


144400 


54872000 


•002631579 


57978 


381 


14 51 61 


55 306 341 


•002624672 


58092 


382 


... 145924 


...55742968 


•OO261780I 


58206 


383 


146689 


56 181 887 


•002610966 


58320 


384 


147456 


56623T04 


•002604167 


58433 


385 


... 148225 


...57066625 


-002597403 


58546 


386 


148996 


57512456 


•002590674 


58659 


387 


149769 


57 960 603 


•002583979 


58771 


388 


... 150544 


...58 411 072 


-002577320 


58883 


389 


I5132I 


58863869 


•002570694 


58995 


390 


15 2100 


59319000 


•002564103 


59106 


391 


... 15 28 81 


•.•59776471 


-002557545 


59218 


392 


153664 


60 236 288 


•002551020 


59329 


393 


154449 


60 698 457 


•002544529 


59439 


394 


... 155236 


...61 162 984 


-002538071 


59550 


395 


156025 


61629875 


•002531646 


59660 


396 


15 68 16 


62099136 


•002525253 


59770 


397 


... 157609 


...62570773 


^002518892 


59879 


398 


158404 


63044792 


•002512563 


59988 


399 


15 92 01 


63521 199 


•002506266 


60097 


400 


... 160000 


...64000000 


-002500000 


60206 


401 


16 08 01 


64481 201 


•002493766 


60314 


402 


16 1604 


64 964 808 


•002487562 


60423 


403 


... 162409 


...65450827 


'OO248139O 


60531 


404 


1632 16 


65 939 264 


•002475248 


60638 


405 


164025 


66430125 


•002469136 


60746 


406 


... T64836 


...66923416 


-002463054 


60853 


407 


165649 


67419143 


•002457002 


60959 


408 


166464 


67 917 312 


•002450980 


61066 


409 


... 167281 


...68417 929 


^002444988 


61172 


410 


16 81 00 


68921 000 


•002439024 


61278 


411 


16 89 21 


69426531 


•002433090 


61384 


412 


... 169744 


-69934528 


"002427184 


61490 


413 


170569 


70444997 


•002421308 


61595 


414 


17 13 96 


70 957 944 


•002415459 


61700 


415 


17 2225 


71 473 375 


•002409639 


^ 6\^ 



18 



No. 


Square. 


Cube. 


Reciprocal. 


C Log. 


416 


173056 


71 991 296 


•002403846 


6x909 


417 


173889 


72511713 


•002398082 


62014 


418 


... 17 47 24 


...73034632 


-002392344 


62II8 


419 


17 55 61 


73560059 


•002386635 


62221 


420 


17 6400 


74088000 


•002380952 


62325 


421 


... 17 72 41 


,..74618461 


-002375297 


62428 


422 


178084 


75 151 448 


•002369668 


62531 


423 


178929 


75 686 967 


•002364066 


62634 


424 


...179776 


...76225024 


-002358491 


62737 


425 


180625 


76765625 


•002352941 


62839 


426 


18 1476 


77308776 


•002347418 


62941 


427 


... 182329 


...77854483 


-00234x920 


63043 


428 


18 31 84 


78402752 


•002336449 


63144 


429 


18 40 41 


78953589 


•002331002 


63246 


430 


... 184900 


...79507000 


-002325581 


63347 


431 


18 57 61 


80062991 


•002320186 


63448 


432 


186624 


80621568 


•OO2314815 


63548 


433 


... 187489 


...81 182 737 


-002309469 


63649 


434 


188356 


81746504 


•002304147 


63749 


435 


189225 


82312875 


•002298851 


63849 


436 


... 190096 


...82881856 


-002293578 


63949 


437 


190969 


83 453 453 


'002 288330 


64048 


43B 


19 1844 


84027672 


•002283105 


64147 


439 


... 19 27 21 


...84604519 


-002277904 


64246 


440 


193600 


85 184000 


•002272727 


64345 


441 


19 44 81 


85 766 121 


-002267574 


64444 


442 


... 195364 


...86350888 


-002262443 


64542 


443 


196249 


86 938 307 


•002257336 


64640 


444 


19 71 36 


87 528 384 


•002252252 


64738 


445 


... 198025 


...88 121 125 


-OO224719I 


64836 


446 


1989 16 


88716536 


-002242x52 


64933 


447 


199809 


89314623 


-002237x36 


6503 1 


448 


... 200704 


...89915392 


-002232x43 


65x28 


449 


20 16 01 


90518849 


-002227x71 


65225 


450 


20 25 00 


91 125000 


-002222222 


65321 


451 


... 203401 


-91733851 


-0022x7295 


654x8 


452 


20 43 04 


92 345 408 


-0022x2389 


65514 


453 


20 52 09 


92959677 


-002207506 


65610 


454 


... 2061 16 


—93576664 


-002202643 


65706 


455 


20 70 25 


94196375 


-002x97802 


65801 


♦56 


207936 


94818816 


•002x92982 


65896 


^57 


... 208849 


-95 443 993 


-002x88x84 


65992 


^58 


209764 


96071 912 


•002x83406 


66087 


.59 


21 0681 


96 702 579 


•002x78649 


66x81 


460 


21 1600 


97 336 000 


•002x739x3 


66276 



1 


■ 


^* 


19 




^ 


1 




No. 


Square. 


Cube. 


RecEprocaL 


C. Log. 


■ 




46T 


21 3521 


97 97a 181 


'0021 69 1 97 


66370 


^ 




462 


21 34 44 


98611 128 


^003164502 


66464 






463 


<„ 2143^9 


,.. 99252S47 


^002159827 


66^^S 






464 


21 5296 


99 897 344 


^002155172 


66652 






465 


21 63 25 


100544625 


■002150538 


66745 






466 


.,. St 7156 


,„ioi 194 6g6 


,...„ -002145933 


^66839 






467 


^18089 


101847563 


•OO2141328 


66932 


^ 




468 


21 90 24 


102 503 233 


•002136753 


67025 


M 




469 


*.. 21 99 61 


,,,103161709 


'002132196 


-67^17 


■ 




470 


22 0900 


103823000 


*002 127660 


67210 






47 « 


22 1841 


104 4S7 III 


'OO2123I42 


67303 






472 


„. 222784 


.„ 105 154048 


......'002118644 


67394 






473 


22 37^9 


105823817 


'OO2IX4165 


67486 






474 


22 46 76 


ID6496 424 


■002109705 


67578 






47S 


,,. 225625 


,,,107171875 


,,.... *002 105263 


67669 






476 


22 6576 


107S50176 


■002100840 


67761 






477 


227539 


ioB53t333 


*o03O96436 


67852 






478 


• ..228484 


,,,109215353 


.'002092050 


67943 






479 


229441 


109902 239 


'oo 2087 683 


68034 






4i^o 


230400 


T 10 592 000 


*oo3o83333 


68124 






481 


-.. 33 la**' 


._II1 284 64T 


,,..„*003079002 


.... ..68215 






483 


232324 


m 980 168 


*oo2074689 


68305 


J 




483 


23 33 ^9 


113 678 587 


'002070393 


68395 


■ 




484 


..• 234256 


".T13379904 


'002066116 


......68485 


■ 




485 


23 52 25 


114084 135 


002061856 


68574 






486 


2361 96 


114 791 256 


^002057613 


68664 






487 


-. 237169 


--II550I303 


.'002053388 


......68753 






48B 


338144 


116 214 272 


•003049180 


68842 






489 


2391 21 


116 930 169 


'oo 3 044 9 90 


68931 






+90 


.,. 2401 00 


...117 649 000 


...... '002040816 


. 69020 


u 




491 


24 1081 


it8 370771 


*oo203666o 


69108 


■ 




492 


242064 


119095488 


■002032520 


69197 


™i 




493 


... 243049 


...119823157 


'002028398 


......69285 






494 


244036 


1205537^4 


'002024291 


69373 






495 


245025 


121287375 


^002020202 


69461 






496 


„, 2460 16 


...122033936 


...... "003016129 


......69548 






497 


347009 


122763473 


"00 30 T 307 2 


69636 






498 


248004 


123505992 


*0Q 200803 2 


69723 


m 




499 


*.* 249001 


...124251499 


...... '002004008 


......69810 


■ 




Soo 


250000 


1 25 000 000 


'OO 3 00 0000 


69897 


■ 




501 


25 10 01 


125751501 


*oo 1996008 


69984 


■ 




502 


,„ 252004 


...126506008 


•001992032 


70070 


■ 




503 


253009 


127263527 


'OO 198807 3 


70157 


m 




504 


254016 


128024064 


'oo 1 9841 37 


70243/ H 




505 


255025 


128787635 


'001980198 












1 



20 



No. 


Sijuarc. 


Cube. 


Reciprocal. 


CLog. 


506 


25 Oo 36 


129 554 216 


•001976285 


70415 


507 


257049 


130323843 


•001972387 


70501 


508 


... 258064 


...131 096 512 


-001968504 


70586 


509 


259081 


131 872 229 


•001964637 


7067a 


510 


260100 


132 651 000 


•001960784 


70757 


511 


... 26 II 21 


...133 432 831 


-001956947 


7084a 


512 


26 21 44 


134 217 728 


•OOI953125 


70927 


513 


2631 69 


135005697 


•OOI949318 


7101a 


514 


... 2641 96 


...135796744 


-001945525 


71096 


515 


' 265225 


136590875 


•OOI941748 


71181 


516 


26 62 56 


137 388 096 


•001937984 


71265 


517 


... 267289 


...138 188 413 


-001934236 


71349 


518 


26 83 24 


13899^832 


•001930502 


71433 


519 


269361 


139798359 


•001926782 


71517 


520 


270400 


...140608000 


•ooi 923077 


71600 


521 


271441 


141 420761 


•OOI9I9386 


71684 


522 


272484 


142 236 648 


•OOI9I5709 


71767 


523 


... 273529 


...M3 055 667 


-001912046 


71850 


524 


274576 


143877824 


•001908397 


71933 


525 


27 56 25 


144 703 "5 


•001904762 


73016 


526 


... 27 6676 


...145531576 


'001901141 


72099 


527 


27 77 29 


146 363 183 


•001897533 


73x81 


528 


27 87 84 


147 197 952 


•001893939 


72363 


529 


... 279841 


...148035889 


'001890359 


72346 


530 


28 09 00 


148 877 000 


-001886792 


73438 


531 


28 19 61 


149 721 291 


•001883239 


73509 


532 


... 283024 


...150568768 


'001879699 


72591 


533 


284089 


1514^9437 


•OOI876173 


72673 


534 


285156 


152273304 


•001872659 


72754 


535 


... 286225 


...153 130375 


-001869159 


72835 


536 


287296 


153990656 


•001865672 


73916 


537 


288369 


154854^53 


•OOI862I97 


72997 


538 


... 289444 


...155720872 


-001858736 


73078 


539 


290521 


156 590 819 


•001855288 


73159 


540 


29 1600 


157464000 


•OOI851852 


73239 


541 


... 292681 


...158 340 421 


-001848429 


73320 


542 


29 37 64 


159220088 


•00 1 8450 1 8 


73400 


543 


294849 


160 103 007 


•001841621 


73480 


544 


... 295936 


...160989 184 


-001838235 


73560 


545 


297025 


161 878 625 


•001834862 


73640 


546 


2981 16 


162 771 336 


•001831502 


73719 


547 


... 299209 


...163667323 


^001828154 


73799 


548 


300304 


164566592 


•001824818 


73878 


549 


30 14 01 


165 469 149 


-001821494 


73957 


550 


30 25 00 


166 375 000 


•001818182 


74036 



21 



No. 


Square. 


Cube. 


Reciprocal. 


C. Log. 


551 


303601 


167 284 151 


•OO1814882 


74115 


55* 


304704 


168 196 608 


•OO1811594 


74194 


553 


... 305809 


...169 112 377 


-001808318 


74273 


554 


3069 16 


170 031 464 


•001805054 


74351 


555 


308025 


170953875 


•OO1801802 


74429 


556 


... 309136 


...171 879616 


-001798561 


74507 


557 


310249 


172808693 


•001795332 


74586 


558 


31 I3<54 


173741 112 


•OOI792II5 


74663 


559 


... 31 2481 


...174676879 


-001788909 


74741 


560 


313600 


175 616 000 


•0017857 14 


74819 


561 


31 47 21 


176 558 481 


•OOI78253I 


74896 


56a 


... 315844 


...177504328 


001779359 


74974 


563 


316969 


178453547 


•OOI776199 


75051 


564 


318096 


179 406 144 


•001773050 


75128 


565 


... 319225 


...180362 125 


•001769912 


75205 


566 


32 03 56 


181 321 496 


•001766784 


75282 


567 


321489 


182 284 263 


•001763668 


75358 


568 


... 322624 


...183250432 


001760563 


75435 


569 


323761 


184220009 


•001757469 


7551 1 


570 


32 49 00 


185 193000 


•001754386 


75587 


571 


... 326041 


...186 1694II 


001751313 


75664 


572 


327184 


187 149 248 


•001748252 


75740 


573 


32 83 29 


188 132 517 


•OOI7452OI 


75815 


574 


... 329476 


...189TI9224 


•00x742160 


7589Jt 


575 


33 06 25 


190 109 375 


•OOI73913O 


75967 


576 


33 17 76 


191 102976 


•OOI7361II 


76042 


577 


... 332929 


...192 100033 


-001733102 


761x8 


578 


334084 


193 100552 


-OOI73OIO4 


76193 


579 


335241 


194 104 539 


-OOI727116 


76268 


580 


... 336400 


...195 112 000 


-001724X38 


76343 


581 


337561 


196 122 941 


•OOI72II70 


76418 


582 


338724 


197 137 368 


•0017x8213 


76492 


583 


...339889 


...198 155 287 


•OOI715266 


76567 


S84 


341056 


199 176 704 


•0017 1 2329 


7664X 


585 


34 22 25 


200 201 625 


•00x709402 


76716 


586 


... 343396 


...201 230056 


-001706485 


76790 


587 


344569 


202 262 003 


-00x703578 


76864 


588 


34 57 44 


203297472 


-00x700680 


76938 


589 


... 346921 


...204336469 


-001697793 


77012 


590 


348100 


205379000 


-00x694915 


77085 


591 


34 92 81 


206425071 


-001692047 


77159 


592 


... 350464 


...207474688 


-00x689x89 


77232 


593 


35 16 49 


208527857 


-00x686341 


77305 


594 


352836 


209 584 584 


-00x683502 


77379 


595 


354025 


210644875 


-0016^06^ 2 


\ nn*.^'^ 



\ 



22 



No. 


Square. 


Cube. 


RedprocaL 


CLoc. 


596 


355216 


211708736 


•00167785a 


7752s 


597 


356409 


212776 173 


•00167504a 


77597 


598 


... 357604 


...213847 192 


'ooi672a4i 


77670 


599 


358801 


214921799 


•001669449 


77743 


600 


360000 


216000000 


•001666667 


77B1S 


601 


... 36 12 01 


...217 081 801 


'001663894 


77887 


602 


36 24 04 


218167 208 


•001661130 


77960 


603 


36 36 09 


219256227 


•001658375 


78032 


604 


... 364816 


...220348864 


'001655629 


78104 


605 


36 60 25 


221445125 


•001652893 


78176 


606 


367236 


322545016 


•001650165 


78247 


607 


...368449 


...223648543 


-001647446 


78319 


608 


36 96 64 


224755712 


•001644737 


78390 


609 


370881 


225 866 529 


•001642036 


78462 


610 


... 372100 


...226981 000 


-001639344 


78533 


611 


373321 


228099 131 


•001636661 


78604 


612 


37 45 44 


229 220 928 


•001633987 


78675 


613 


- 375769 


...230346397 


-001631321 


78746 


614 


37 69 96 


231475544 


•001628664 


78817 


615 


3782^5 


232 608 375 


•x>i626oi6 


78888 


616 


- 379456 


...233744896 


-001623377 


789.'58 


617 


38 06 89 


234885 113 


•001620746 


79029 


618 


381924 


236029032 


•001618123 


79099 


619 


... 38 3161 


...237176659 


-001615509 


79^69 


620 


384400 


238 328 000 


•001612903 


79239 


621 


385641 


239483061 


•00 1 6 10306 


79309 


622 


...386884 


...240641848 


-001607717 


79379 


623 


388129 


241 804 367 


•001605136 


79449 


624 


389376 


242970624 


•001602564 


79518 


625 


... 390625 


...244140625 


-001600000 


79588 


626 


391876 


245314376 


•001597444 


79657 


627 


393129 


246 491 883 


•001594896 


79727 


628 


...394384 


...247673152 


-001592357 


79796 


629 


395641 


248858189 


•001589825 


79865 


630 


39 69 00 


250 047 000 


•001587302 


79934 


631 


.,. 398161 


...251 239591 


-001584786 


80003 


632 


39 94 24 


252 435 968 


•001582278 


80072 


633 


40 06 89 


253636137 


•001579779 


80140 


634 


... 401956 


...254840104 


-001577287 


80209 


635 


403225 


256047875 


•001574803 


80277 


636 


40 44 96 


257259456 


•001572327 


80346 


637 


... 405769 


...258474853 


-001569859 


80414 


638 


407044 


259694072 


•001567398 


80482 


639 


408321 


260917 119 


-001564945 


80550 


640 


40 96 00 


262 144 000 


•001562500 


80618 



23 



No. 


Square. 


Cube. 


Reciprocal 


%o686 


641 


41 08 81 


26337472T 


•001560062 


642 


41 ^I 64 


264 609 288 


•001557632 


8b754 


643 


...413449 


...265847707 


-001555210 


80821 


644 


41 47 36 


267 089 984 


•001552795 


80889 


645 


416025 


268336125 


•001550388 


80956 


646 


... 41 73 16 


...269586136 


-001547988 


8x023 


647 


41 86 09 


270840023 


•001545595 


8x090 


648 


419904 


272097792 


•OOI5432IO 


8XX58 


649 


... 42 12 01 


...273359449 


-001540832 


8x224 


650 


42 25 00 


274625000 


•001538462 


8129X 


651 


42 38 01 


275894451 


•001536098 


8x358 


652 


...425104 


...277 167808 


-001533742 


8x425 


653 


42 64 09 


278445077 


•OOI531394 


8x491 


654 


427716 


279726264 


•001529052 


81558 


655 


... 429025 


...281 on 375 


-001526718 


8x624 


656 


430336 


282300416 


•001524390 


8x690 


657 


431649 


283 593 393 


•001522070 


81757 


658 


... 432964 


...284890312 


-001519757 


8x823 


659 


434281 


286 191 179 


•OOI51745I 


81889 


660 


43 56 00 


287 496 000 


•OOI515152 


81954 


661 


... 436921 


...288804781 


-001512859 


82020 


662 


438244 


290 117 528 


•OOI510574 


82086 


663 


43 95 69 


291434247 


•001508296 


82x51 


664 


...440896 


...292754944 


-001506024 


82217 


665 


44 22 25 


294079625 


•001503759 


82282 


666 


443556 


295 408 296 


•00 1 50 1 502 


82347 


66^ 


...444889 


...296740963 


^001499250 


82413 


668 


44 62 24 


298077632 


•001497006 


82478 


669 


447561 


299418309 


•001494768 


82543 


670 


... 448900 


...300763000 


-00X492537 


82607 


671 


450241 


302 111711 


-0014903x3 


82672 


672 


451584 


303 464 448 


•001488095 


82737 


673 


... 45 29 29 


...304821 217 


-00x485884 


82802 


674 


454276 


306 182 024 


-00X483680 


82866 


675 


455625 


307546875 


•OOX48X48X 


82930 


676 


... 456976 


...308915776 


^00X479290 


82995 


677 


45 83 29 


310288733 


•00X477x05 


83059 


678 


45 96 84 


3" 665 752 


•00X474926 


83123 


679 


... 46 10 41 


...313046839 


-00x472754 


83187 


680 


46 24 00 


314432000 


-00x470588 


83251 


681 


46 37 61 


315821241 


•00X468429 


83315 


682 


... 465124 


...317214568 


-00x466276 


83378 


683 


46 64 89 


3186x1987 


•00X464X29 


83442 


684 


467856 


320013504 


•00X461988 


83506 


685 


46 92 25 


321 419 125 


-00x459854 


Sc''' 



24 



No. 


Square. 


Cube. 


RedprocaL 


a Log. 
83632 


686 


47 05 96 


322828856 


•001457726 


687 


471969 


324 242 703 


•001455604 


83696 


688 


... 47 33 44 


...325660672 


-001453488 


83759 


689 


474721 


327 082 769 


•001451379 


83822 


690 


47 61 00 


328509000 


•001449275 


83885 


691 


...477481 


...329939371 


-001447178 


83948 


692 


478864 


331373888 


•001445087 


84011 


693 


48 02 49 


332812557 


•001443001 


84073 


694 


... 481636 


...334255384 


^001440922 


84136 


695 


483025 


335702375 


•001438849 


84198 


696 


484416 


337153536 


•001436782 


84261 


697 


... 485809 


...338608873 


^001434720 


84323 


698 


487204 


340068392 


•001432665 


84386 


699 


488601 


341532099 


•001430615 


84448 


700 


... 490000 


...343000000 


-001428571 


84510 


701 


49 14 01 


344472101 


•001426534 


84572 


70a 


49 28 04 


345948408 


•001424501 


84634 


703 


...494209 


...347428927 


-001422475 


84696 


704 


495616 


348913664 


•001420455 


84757 


705 


497025 


350 402 625 


•001418440 


84819 


706 


... 498436 


...351 895 816 


^001416431 


84880 


707 


499849 


353 393 243 


-001414427 


84942 


708 


501264 


354894912 


-001412429 


85003 


709 


... 502681 


...356400829 


-001410437 


85065 


710 


504100 


357 91 1 000 


•001408451 


85126 


711 


505521 


359425431 


-001406470 


85187 


71a 


... 506944 


...360944128 


-001404494 


85248 


713 


508369 


362 467 097 


•001402525 


85309 


714 


509796 


363994344 


•001400560 


85370 


715 


... 51 12 25 


...365525875 


-001398601 


85431 


716 


512656 


367 061 696 


-001396648 


85491 


717 


514089 


368601 813 


-001394700 


85552 


718 


...515524 


...370146232 


-001392758 


85612 


719 


51 69 61 


371694959 


•001390821 


85673 


720 


518400 


373248000 


•001388889 


85733 


7ai 


... 51 98 41 


...374805361 


^001386963 


85794 


722 


52 1284 


376367048 


•001385042 


85854 


723 


522729 


377933067 


-001383126 


85914 


734 


... 524176 


...379503424 


-001381215 


85974 


725 


52 56 25 


381 078 125 


•001379310 


86034 


726 


527076 


382657176 


•001377410 


86094 


727 


...528529 


...384240583 


-001375516 


86153 


728 


529984 


385828352 


•001373626 


86213 


729 


53 14 41 


387 420 489 


•OOI371742 


86273 


1 730 


532900 


389017000 


-001369863 


86332 



25 



Na 


Square. 


Cube. 


Reciprocal 


CLog. 


731 


534361 


390617891 


•001367989 


86392 


732 


535824 


392 223 168 


•001366120 


86451 


733 


... 537289 


...393832837 


001364256 


86510 


734 


538756 


395 446 904 


•001362398 


86570 


735 


540225 


397 065 375 


•001360544 


86629 


736 


... 541696 


...398688256 


-001358696 


86688 


737 


543169 


400315553 


•001356852 


86747 


738 


54 46 44 


401 947 272 


•001355014 


86806 


739 


... 5461 21 


...403583419 


001353180 


86864 


740 


54 76 00 


40522400Q 


•OOI35135I 


86923 


741 


549081 


406869021 


•001349528 


86982 


742 


...550564 


...408518488 


-001347709 


87040 


743 


552049 


410 172 407 


•001345895 


87099 


744 


553536 


411 830784 


•001344086 


87157 


745 


... 555025 


...413493625 


'001342282 


87216 


746 


55 65 16 


415 160 936 


•001340483 


87274 


747 


558009 


416832723 


•001338688 


87332 


748 


...559504 


...418508992 


001336898 


87390 


749 


56 1001 


420189749 


•001335113 


87448 


750 


56 25 00 


421875000 


•001333333 


87506 


751 


... 564001 


...423564751 


-001331558 


87564 


752 


565504 


425 259 008 


•001329787 


87622 


753 


56 70 09 


426 957 777 


•OOI32802I 


87679 


754 


... 568516 


...428661064 


-001326260 


87737 


755 


57 00 25 


430368875 


•001324503 


87795 


756 


57 15 36 


432081 216 


•001322751 


87852 


757 


...573049 


...433798093 


-001321004 


87910 


758 


57 45 64 


435 519 512 


•001319261 


87967 


759 


576081 


437 245 479 


•001317523 


88024 


760 


... 577600 


...438976000 


-001315789 


88081 


761 


57 91 21 


440711081 


•001314060 


88138 


762 


580644 


442450728 


•001312336 


88195 


763 


... 582169 


...444194947 


-001310616 


88252 


764 


58 36 96 


445 943 744 


•001308901 


88309 


765 


585225 


447 697 125 


•001307190 


88366 


766 


...586756 


.-449455096 


-001305483 


88423 


767 


58 82 89 


451 217663 


•001303781 


88480 


768 


58 98 24 


452984832 


•001302083 


88536 


769 


... 59 1361 


...454756609 


-001300390 


88593 


770 


592900 


456 533 000 


•001 298701 


88649 


771 


594441 


458314011 


•001297017 


88705 


772 


...595984 


...460099648 


-001295337 


88762 


773 


597529 


461 889917 


•001293661 


88818 


774 


599076 


463 684 824 


•001 291990 


8887- 


775 


60 06 25 


465484375 


•001290323 


88 



No. 


Square. 


Cube. 


Reciprocal 


CLof. 


776 


60 21 76 


467288576 


•001288660 


88986 


777 


60 37 29 


469097433 


•001 287001 


89042 


778 


... 605284 


...470910952 


-00X285347 


89098 


779 


606841 


472729139 


•001283697 


89154 


780 


60 84 00 


474 552 000 


•001 282051 


89209 


781 


... 609961 


...476379541 


'00X280410 


89265 


782 


61 15 24 


478 211 768 


•00x278772 


89321 


783 


613089 


480 048 687 


•00X277x39 


89376 


784 


... 614656 


...481890304 


•OOI27551O 


89432 


785 


61 62 25 


483736625 


•001273885 


89487 


786 


61 77 96 


485587656 


•00X272265 


89542 


787 


... 619369 


...487443403 


-00X270648 


89597 


788 


620944 


489303872 


•00x269036 


89653 


789 


622521 


491 169069 


•00x267427 


89708 


790 


... 624100 


...493039000 


•001265823 


89763 


791 


625681 


494 913 671 


•001264223 


898x8 


792 


627264 


496793088 


'00X262626 


89873 


793 


... 628849 


...498677257 


'00x26x034 


89927 


794 


630436 


500566184 


•00x259446 


89982 


795 


63 20 25 


502459875 


'ooi 257862 


90037 


796 


... 633616 


...504 358 336 


•OOI256281 


90091 


797 


63 52 09 


506261573 


•00X254705 


90146 


798 


63 68 04 


508169592 


•00X253x33 


90200 


799 


... 638401 


...510082399 


-00125x564 


90255 


800 


64 00 00 


512000000 


•00X250000 


90309 


801 


64 16 01 


513 922 401 


•00X248439 


90363 


802 


... 643204 


...515849608 


^00X246883 


90417 


803 


64 48 09 


517 781 627 


•001245330 


90472 


804 


64 64 16 


519718464 


'OOI24378X 


90526 


805 


... 648025 


...521 660125 


-00X242236 


90580 


806 


64 96 36 


523606616 


•001240695 


90634 


807 


651249 


525557943 


- •OOI239157 


90687 


808 


... 652864 


...527 514 112 


^00X237624 


90741 


809 


654481 


529475129 


•00X236094 


90795 


810 


656100 


531 441 000 


•001234568 


90849 


811 


... 657721 


-533 411 731 


'00x233046 


90902 


812 


65 93 44 


535387328 


•OOI 231527 


90956 


813 


66 09 69 


537 367 797 


•OOI 23001 2 


9x009 


814 


... 66 2596 


—539353144 


•OOI2285OX 


91062 


815 


66 42 25 


541343375 


•001226994 


91x16 


816 


665856 


543 338 496 


'OOI 225490 


9x169 


817 


... 667489 


-545338513 


'001223990 


9x222 


818 


66 91 24 


547 343 432 


•00X222494 


91275 


819 


67 07 61 


549 353 259 


•OOI22IOOI 


91328 


820 


67 24 00 


551368000 


•00x2X9512 


9x381 



27 



No. 


Square. 


Cube. 


Reciprocal 


CLog. 


821 


67 40 41 


553 387 661 


•001218027 


9M34 


822 


675684 


555412248 


•OOI216545 


91487 


823 


... 677329 


...557441767 


'001215067 


91540 


824 


678976 


559476224 


•OOI213592 


91593 


825 


68 06 25 


561 515 625 


•OOI2I2I2I 


91645 


826 


... 682276 


...563559976 


'001210654 


91698 


827 


68 39 29 


565 609 283 


*00I209I90 


9175^ 


828 


68 55 84 


567663552 


•001207729 


91803 


829 


... 687241 


...569722789 


'001206273 


91855 


830 


68 89 00 


571787000 


'oo 1 2048 1 9 


91908 


831 


690561 


573 856 191 


•001203369 


91960 


832 


... 692224 


..•575930368 


'001201923 


92012 


o33 


69 38 89 


578009537 


•001200480 


92065 


834 


695556 


580093704 


'OO 1 1 9904 1 


92117 


835 


... 697225 


...582182875 


'001197605 


.92169 


836 


69 88 96 


584 277 056 


•OOII96172 


92221 


In 


70 05 69 


586376253 


-001 194743 


92273 


838 


... 702244 


...588480472 


-001193317 


92324 


839 


703921 


590589719 


'OOII91895 


92376 


840 


705600. 


592 704 000 


'OO 1 1 9047 6 


92428 


841 


... 707281 


...594823321 


'001189061 


92480 


842 


708964 


596 947 688 


'ooi 187648 


92531 


843 


710649 


599077107 


'ooi 186240 


92583 


844 


... 712336 


...601 211 584 


'OOI 184834 


92634 


845 


714025 


603 351 125 


'OOI 183432 


92686 


846 


7157 16 


605495736 


•OOI 182033 


92737 


847 


... 717409 


...607645423 


-001180638 


92788 


848 


71 91 04 


609800 192 


•OOII79245 


92840 


849 


720801 


611 960049 


•001177856 


92891 


850 


... 722500 


...614 125000 


-001176471 


92942 


851 


724201 


616 295 051 


-001175088 


92993 


852 


725904 


•618470208 


•001173709 


93044 


853 


... 727609 


...620650477 


-001172333 


93095 


854 


729316 


622 835 864 


-OOI 170960 


93146 


855 


731025 


625 026 375 


•OOII6959I 


93197 


856 


... 732736 


...627 222016 


-001168224 


93247 


857 


734449 


629422793 


•OOI 1 6686 1 


93298 


858 


736164 


631 628 jl2 


•001165501 


93349 


859 


...737881 


...633839779 


-001164144 


93399 


860 


739600 


'636 056 000 


•001162791 


93450 


861 


741321 


638 277 381 


'001161440 


93500 


862 


... 743044 


...640503928 


'001160093 


93551 


863 


744769 


642735647 


'OOI 158749 


93601 


864 


746496 


644972544 


'OOI 157407 




865 


748225 


647 214625 


'OOI 156069 


k 



28 



No. 


Square. 


Cube. 


RecipiocaL 


C. Log. 


866 


749956 


649461 896 


•001 154734 


93752 


867 


751689 


651714363 


•001 153403 


93802 


868 


... 753424 


...653972032 


-001152074 


93852 


869 


75 51 61 


656 234 909 


•001150748 


93902 


870 


756900 


658 503 000 


•001149425 


93952 


871 


...758641 


...660776 311 


•OOII48106 


94002 


872 


76 03 84 


663054848 


•001146789 


94052 


873 


7621 29 


665338617 


•001145475 


94101 


874 


...763876 


...667627 624 


-001144165 


94151 


875 


765625 


669921875 


•001142857 


94201 


876 


767376 


672221 376 


•001141553 


94250 


877 


... 7691 29 


...674526133 


-001140251 


94300 


878 


77 08 84 


676836152 


•001138952 


94349 


879 


772641 


679 151 439 


•001137656 


94399 


880 


... 774400 


...681 472000 


-001136364 


94448 


881 


7761 61 


683797841 


-001135074 


94498 


882 


777924 


686128968 


-OOII33787 


94547 


883 


...779689 


...688465387 


001132503 


94596 


884 


781456 


690807 104 


•001131222 


94645 


885 


783225 


693^154125 


-001129944 


94694 


886 


... 784996 


...695506456 


-001128668 


94743 


887 


786769 


697 864 103 


•001127396 


94792 


888 


788544 


700227 072 


•001126126 


94841 


889 


... 790321 


...702595369 


^001124859 


94890 


890 


7921 00 


704 969 000 


•001123596 


94939 


891 


793881 


707347971 


•001122334 


94988 


892 


... 795664 


...709732288 


^001121076 


95036 


893 


79 74 49 


712 121 957 


•001119821 


95085 


894 


799236 


714 516 984 


•001 118568 


95134 


895 


... 80 1025 


...716 917 375 


-001117318 


95182 


896 


802816 


719 323 136 


•001 1 1607 1 


95231 


897 


80 46 09 


721734273 


•001 1 14827 


95279 


898 


... 806404 


...724150792 


r -001113586 


95328 


899 


808201 


726572699 


•001112347 


95376 


900 


81 0000 


729000000 


-001 1 11 111 


95424 


901 


... 81 1801 


...731 432 701 


...... -001109878 


95472 


902 


813604 


733870808 


•001108647 


95521 


903 


815409 


736314327 


•OOIIO742O 


95569 


904 


... 8172 16 


...738763264 


^001106195 


95617 


905 


81 90 25 


741 217 625 


•001104972 


95665 


906 


82 08 36 


743677416 


•001103753 


95713 


907 


... 82 2649 


...746142643 


-001102536 


95761 


908 


824464 


748613312 


•001101322 


95809 


909 


826281 


751089429 


•001 1001 10 


95856 


010 


82 81 00 


753571000 


•001098901 


95904 



29 



No. 


Square. 


Cube. 




C. Log. 


911 


82 9921 


756058031 


•001097695 


95952 


912 


831744 


758550528 


•001096491 


95999 


913 


...833569 


...761048497 


'001095290 


96047 


914 


835396 


763551944 


. -001094092 


96095 


915 


837225 


766060875 


•001092896 


96142 


916 


...839056 


...768575296 


-001091703 


96190 


917 


84 08 89 


771 095 213 


-001090513 


96237 


918 


84 27 24 


773620632 


•001089325 


96284 


919 


...844561 


-776 151 559 


-001088139 


96332 


920 


84 64 00 


778688000 


•001086957 


96379 


921 


848241 


781 229961 


•001085776 


96426 


922 


... 850084 


...783777448 


-001084599 


96473 


923 


851929 


786 330 467 


•001083424 


96520 


924 


85 37 76 


788889024 


•001082251 


96567 


925 


... 855625 


...791453125 


•001081081 


96614 


926 


857476 


794022776 


•001079914 


96661 


927 


859329 


796597983 


•001078749 


96708 


928 


... 86 II 84 


...799178752 


-001077586 


96755 


929 


863041 


801 765089 


•001076426 


96802 


930 


86 49 00 


804 357 000 


•001075269 


96848 


931 


... 866761 


...806954491 


-001074114 


96895 


932 


868624 


^^9 557 568 


-001072961 


96942 


933 


87 04 89 


812 166237 


•00107 1811 


96988 


934 


... 872356 


...814780504 


^001070664 


97035 


935 


87 42 25 


817400375 


•00 1 0695 1 9 


97081 


936 


87 60 96 


820025856 


•001068376 


97128 


937 


... 877969 


...822656953 


-001067236 


97174 


938 


879844 


825293672 


•001066098 


97220 


939 


88 17 21 


827936019 


-001064963 


97267 


940 


... 883600 


...830584000 


-001063830 


97313 


941 


885481 


833237621 


-001062699 


97359 


942 


887364 


835 896 888 


-001061571 


97405 


943 


... 889249 


...838561807 


-00x060445 


97451 


944 


89 II 36 


841232384 


-00T059322 


97497 


945 


89 30 25 


843 908 625 


-001058201 


97543 


946 


... 8949 16 


•••846590536 


-001057082 


97589 


947 


89 68 09 


849278123 


•001055966 


97635 


948 


898704 


851 971 392 


•001054852 


97681 


949 


... 900601 


...854670349 


-001053741 


97727 


950 


90 25 00 


857375000 


•001052632 


97772 


951 


904401 


860085351 


•001051525 


97818 


952 


... 906304 


...862801408 


-001050420 


97864 


953 


908209 


865523177 


•001 0493 1 8 


9700Q 


954 


91 01 16 


868 250 664 


* •001048218 


f 


955 


91 20 25 


870983875 


•001047 120 


[ ' 



30 



No. 


Square. 


Cube. 


RedprocaL 


CLog. 


956 


913936 


8737228x6 


•001046025 


98046 


957 


91 58 49 


876467493 


•00104493a 


98091 


958 


... 917764 


...879 317 912 


-001043841 


98137 


959 


91 9681 


881974079 


•OOTO42753 


98183 


960 


92 16 00 


884 736 000 


•00 1 04 1 667 


98227 


961 


... 923521 


...887503681 


-001040583 


98272 


962 


92 54 44 


890277 128 


•00 1 03950 1 


98318 


963 


927369 


893056347 


•001038422 


98363 


.964 


... 92 9296 


...895841344 


-001037344 


98408 


9^5 


931225 


898632 125 


•001036369 


98453 


966 


93 31 56 


901 428 696 


•001035 1 97 


98498 


967 


... 939089 


...904231063 


-001034136 


98543 


968 


93 70 24 


907 039 232 


•001033058 


98588 


969 


938961 


909853209 


•00 1 03 1 992 


98632 


970 


... 940900 


...912673000 


•001030928 


98677 


971 


942841 


915 498 611 


•001029866 


98722 


972 


944784 


918330048 


•001028807 


98767 


973 


... 94 67 29 


...921 167 317 


-001027749 


988II 


974 


948676 


924010424 


•001026694 


98856 


975 


95 06 25 


926859375 


•00102564 1 


98900 


976 


... 952576 


...929714 176 


-001024590 


98945 


977 


95 45 29 


932574833 


•OOIO2354I 


98989 


978 


956484 


935441352 


•001022495 


99034 


979 


... 958441 


...938313739 


-001021450 


99078 


980 


g6 04 00 


941 192000 


•001020408 


99123 


981 


962361 


944076141 


•0010 1 9368 


99167 


982 


... 964324 


...946 g66 168 


-001018330 


992II 


983 


966289 


949862087 


•001017294 


99255 


984 


96 82 56 


952 763 904 


•OOIO16260 


99300 


985 


... 970225 


...955671625 


-001015228 


99344 


986 


97 21 96 


958585256 


•OOIOI4199 


99388 


987 


97 41 69 


961504803 


•OOIOI317I 


99432 


988 


... 97 61 44 


...964430272 


-001012146 


99476 


989 


97 81 21 


967 361 669 


•OOIOIII22 


99520 


990 


98 01 00 


970 299 000 


•OOIOIOIOI 


99564 


991 


... 982081 


...973242271 


^001009082 


99607 


992 


98 40 64 


976 191 488 


•001008065 


99651 


993 


98 60 49 


979 146 657 


•001007049 


99695 


994 


... 988036 


...982 107 784 


^001006036 


99739 


995 


99 00 25 


985074875 


•001005025 


99782 


996 


99 20 16 


988 047 936 


•00 1 0040 1 6 


99826 


997 


... 994009 


...991026973 


'001003009 


99870 


998 


99 60 04 


994 on 992 


•001002004 


99913 


999 


99 8001 


997 002 999 


•OOIOOIOOI 


99957 


x^oo 


...100 00 00 


...1000 000 000 


•ooioooooo 


00000 
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Table 1 a. — ^Approximate Squabe and Cube 
BrECiPBOCALS OF Fbime Nuhbebs fbom 2 



No. Square Root Cube Root. 

2 I'4I42T36 I'25992IO 

3 17320508 1-4422496 

5 2-2360680 17099759 

7 2-6457513 1-9129312 

II 3-3166248 2-2239801 

13 36055513 2-3513347 

17 4-1231056 2-5712816 

19 4*3588989 2*6684016 

23 479583^5 2-8438670 

29 5'385i648 3-0723x68 

31 55^17^44 3-1413806 

37 6-0827625 3-3322218 



41 
43 
47 
53 
59 
61 

67 
71 
73 
79 
83 
89 

93 
97 



6-4031242 3-4482172 

6-5574385 3'5o3398i 

6*8556546 3-6088261 

7-2801099 37562858 

7-6811457 38929965 

7-8102497 3*9364972 

8-1853528 4-0615480 

8-4261498 4-1408178 

85440037 41793392 

8-8881944 4*2908404 

9-1 104336 4-3620707 

9-43398H 4-4647451 

9-6436508 4*5306549 

9-8488578 4*5947009 



KOOTS AND 

TO 97. 

Reciprocal. 
0*500000000 

•333333333 

•200000000 
•142857143 
•090909091 
•076923077 
•058823529 
•052631579 
•043478261 
•034482759 
•032258065 
•027027027 

•024390244 
•023255814 
•021276600 
•018867925 
•O16949153 
•016393443 
•014925373 
•014084507 
•013698630 
'OI2658228 
•OI2048193 
•01 1 235955 

•oio'-^ 
•01 
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TABLE OF SQUARES 


AKD FIFTH POWEBS. 




Square. 


Fifth Power. 




Sqiun. 


Fifth Power. 


lO 


I 00 


I 00000 


55 


3025 


503i» 84375 


II 


I 21 


I 61051 


56 


3136 


5507 31776 


12 


144 


2 48832 


57 


3249 


60 1 6 92057 


13 


I 69 


371293 


58 


3364 


6563 56768 


14 


I g6 


5 37824 


59 


3481 


714924299 


15 


225 


7 59375 


60 


3600 


777600000 


16 


256 


10 48576 


61 


3721 


8445 96301 


17 


289 


14 19857 


62 


3844 


9161 32832 


18 


324 


1889568 


63 


3969 


9924 36543 


19 


361 


24 76099 


64 


4096 


10737 41824 


20 


400 


32 00000 


65 


4225 


II 602 90625 


21 


441 


4084101 


66 


4356 


12523 32576 


22 


484 


51 53632 


67 


4489 


13501 ^S^oj 


23 


529 


64 36343 


68 


4624 


14539 33568 


24 


576 


7962624 


69 


4761 


15640 31349 


25 


625 


97 65625 


70 


4900 


16807 00000 


26 


676 


118 81376 


71 


5041 


18042 29351 


27 


729 


143 48907 


72 


5184 


19349 17632 


28 


784 


172 10368 


73 


5329 


2073071593 


29 


841 


205 11149 


74 


5476 


2219006624 


30 


900 


243 00000 


75 


5625 


2373046875 


31 


9 61 


286 29151 


76 


5776 


25355 25376 


32 


10 24 


335 54432 


77 


5929 


27067 84157 


33 


1089 


391 35393 


78 


6084 


2887174368 


34 


1156 


454 35424 


79 


62 41 


30770 56399 


35 


1225 


525 21875 


80 


6400 


32768 00000 


36 


12 96 


60466176 


81 


6561 


34867 84401 


37 


1369 


693 43957 


82 


6724 


37073 98439 


38 


1444 


79235168 


83 


6889 


39390 40643 


39 


15 21 


902 24199 


84 


7056 


41821 19424 


40 


1600 


1024 00000 


85 


7225 


4437053125 


41 


16 81 


1158 56201 


86 


7396 


47042 70176 


42 


1764 


1306 91232 


87 


7569 


49842 09207 


43 


1849 


147008443 


88 


77 44 


52773 ^9168 


44 


1936 


1649 16224 


89 


7921 


55840 59449 


45 


2025 


1845 28125 


90 


81 00 


59049 00000 


46 


21 16 


2059 62976 


91 


8281 


62403 21451 


47 


2209 


2293 45007 


92 


8464 


65908 15232 


48 


2304 


2548 03968 


93 


8649 


69568 83693 


49 


2401 


2824 75249 


94 


8836 


73390 40224 


50 


2500 


312500000 


95 


9025 


77378 09375 


51 


2601 


3450 25251 


96 


92 16 


81537 26976 


52 


2704 


3802 04032 


97 


9409 


85873 40257 


53 


2809 


4181 95493 


98 


9604 


90392 07968 


K.4 


29 16 


4591 65024 


99 


9801 


95099 00499 



Table 2 a.— Pbime Factors of Numbebs up to 256. 
(Numbers without Factors are themselyes Prime.) 



2 




42 = 


= 2 •37 


82: 


= 241 


3 




43 




83 




4 = 


= 2« 


44 


2*-II 


84 


2«37 


6 




45 


3*5 


85 


5-17 


6 


23 


46 


2-23 


86 


243 


7 




47 




87 


329 


8 


2» 


48 


2*3 


88 


2«II 


9 


3» 


49 


7* 


89 




10 


25 


SO 


2-5* 


90 


2-3*-S 


II 




61 


3-17 


91 


713 


12 


2*3 


62 


22-12 


92 


2*-23 


13 




53 


. 


93 


331 


14 


27 


64 


2-3» 


94 


2-47 


15 


35 


65 


5-11 


95 


5-19 


i6 


2* 


56 


2»7 


96 


26.3 


1? 




67 


319 


97 




i8 


2-3« 


58 


229 


98 


27* 


19 




59 




99 


3*- 1 1 


20 


2«-5 


60 


2''-3-5 


100 


2*-5« 


21 


37 


61 




lOI 




22 


2*11 


62 


231 


102 


2-3I7 


23 




63 


3*7 


103 




24 


2»-3 


64 


2« 


104 


2«-I3 


25 


5* 


«J5 


513 


105 


3-57 


26 


213 


66 


2-3-II 


106 


2-53 


27 


3» 


6f 




107 




28 


2ii7 


68 


22-17 


108 


2«-38 


29 




69 


323 


109 




30 


2-3-5 


70 


2-57 


no 


2-5-II 


3^ 




71 




III 


337 


32 


36 


72 


28.32 


112 


2*7 


33 


3" 


73 




113 




34 


217 


74 


2-37 


114 


2-3I9 


35 


^'K 


75 


3-5* 


115 


6*23 


36 


2*3* 


76 


2*19 


116 


32-29 


37 




77 


711 


117 


3*13 


38 


2*19 


78 


2-313 


118 


2-59 


39 


313 


79 




119 


7-17 


40 


285 


80 


2*-5 


120 


28-3-5 


41 




81 


3* 


121 


n* 
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122 = 


= 2-6l 


167 




212 = 


= 22-53 


123 


341 


168 = 


= 2»-37 


213 


371 


124 


2*31 


169 


13* 


214 


2-107 


125 


S« 


170 


2-5I7 


215 


5*43 


126 


2.32., 


171 


32.19 


216 


2»-3» 


127 




172 


2*43 


217 


731 


128 


2' 


173 




218 


2-109 


129 


343 


174 


2-3-29 


219 


373 


130 


2513 


175 


5^7 


220 


22-5-1 1 


I3t 




176 


2*- 11 


221 


1317 


132 


2«-3Il 


177 


3'59 


222 


2-3-37 


^33 


719 


178 


289 


223 




134 


267 


179 




224 


^!*7, 


135 


3^5 


180 


22.32.5 


225 


3^-5^ 


136 


23.17 


i8t 




226 


2-113 


137 




182 


2713 


227 




138 


2-3-23 


183 


361 


228 


22-3-19 


139 




184 


28-23 . 


229 




140 


22.5.7 


185 


5*37 


230 


25-23 


141 


3-47 


186 


2-3-3I 


231 


3711 


142 


271 


187 


11-17 


232 


28-29 


143 


1113 


188 


22.47 


233 




144 


2*32 


189 


3«7 


234 


2.32.13 


145 


5-29 


190 


2-519 


235 


5-47 


146 


273 


191 




236 


22-59 


147 


37^ 


192 


26.3 


237 


379 


148 


22.37 


193 




238 


27-17 


149 




194 


2-97 


239 




150 


2-3-5* 


195 


5-3I3 


240 


2*-3'5 


151 




196 


22.72 


241 




iSa 


28-19 


197 




242 


2-Il2 


153 


3*17 


198 


2 •32-1 1 


243 


t 


154 


2711 


199 




244 


22-61 


155 


531 


200 


28.52 


245 


57^ 


156 


22.313 


201 


3-67 


246 


2-3-4I 


157 




202 


2-101 


247 


13-19 


158 


279 


203 


7-29 


248 


28.391 


159 


353 


204 


22-3-17 


249 


3-83 


160 


25-5 


205 


5-41 


250 


258 


161 


723 


206 


2-103 


251 




162 


234 


207 


3^*»3 


252 


22-32.7 


163 




208 


2*13 


253 


11-23 


164 


22-41 


209 


11-19 


254 


2-127 


165 


3-5II 


210 


2-3-57 


255 


3-517 


166 


2-83 


211 




256 


28- 



HYPERBOLIO LOGARITHMS. 
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Tabi*e9 3 AND 3 A— Hypekbolic, Nape Rf an, or 
Natu.ral Logarithms. 

1* Table 3 gives the hyperbolic logarithm a of integer nnmbera 
from 1 to 100, To find the hyperbolic logarithm of an integer 
number consisting of not more than two significant figiu-es followed 
by nonghtg; take the hyperbolic logarithm corrosptnding to the 
sign iti cant figures j and add to it the product of the hyperbolic 
logarithm of 10 by the numher of noughts (this may be found by 
the aid of the second column of Table 3 a)* For examploj to find 
the hyperbolic logaiithtn of 3700; 

Hyp. log. 37, ,.3^61093 

2xHjp, log, 10, .....4*60517 

Hyp. log. 3700, ....8-21609 

Wote: — Multiples of the hyperbolic logarithm of 10 may be taken 
from the second column of Table 3 A» 

3. The hyperbolic logarithm of the product of two numbers ia 
the sum of their hyperbolic logarithms* Fot example* 

Hyp. log. 74, ..4-30407 

Hyp. log. 50, ,.> 3-9l203 

Hyp. log. 3700, .d-2lU09 

3. To find the hyjieibolic logarithm of a decimal fraction contain- 
ing not more than two significant figiinfa ; take fi^om the table the 
hyperbohc logarithm correspondiog to those figure^s, and take the 
difference between it and as many times the hyperbolic logarithm 
of 10 aa there are places of decimals. That difference will be the 
required logarithm, afid will be positive or negative according bb 
the fraction is gi^ater or less than 1, For example. 

Hyp. log. 37, 3'61093 

Hyp. log. 10, , 2-S025B 

Hyp. log. 3-7, +1-30S33 

Hyp. log. 37, „.., 3*610D2 

3 X Hyp. log. 10, 6'9077 S 

Hyp. log. 0^037, - 3 296iJ4 

In such examples as the last, the fracttoual aa well as the integral 
part of the hyperbolic logarithm ia negative. 

4. Examples of the nse of Table 3 A, 

X To fiud the hyperbolic logarithm of 377 from its oomm 
logarithm; ' 
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2-57634, common logaritlim. 

2- 4-605170 

5 1151293 

7 161181 

C 13816 

3 691 

4 92 

Sum, 5-932243 

The required hyperbolic logarithm is thus found to be 5*93224, 
correct to five places of decimals ; the sixth being rejected as liable 
to error. 

II. To find the common logarithm corresponding to the hyper- 
bolic logarithm 593224; 

5- 2-171472 

9 390865 

3 13029 

2 869 

2 87 

4 17 

2-576339 

from which, rejecting the last place of figures as liable to error, the 
required common logarithm is found to be 2*57634. 

5. To calculate the hyperbolic logarithm of the ratio of two 
numbers without logarithmic tables; divide the difference of the 
numbers by their sum ; then add together twice the quotient^ two- 
thirds of its cube, two-fifths of its fifth power, two-sevenths of its 
seventh power, and so on, until the required degree of accuracy has 
been attained; the result of the summation will be the required 
hyperbolic logarithm. 

377 
Example. — Required the hyperbolic logarithm of ^=^. 

Difierence 7 

S Vz7 ^ '0093708 quotient, correct to the seventh place 

of decimals. 

Quotient, -0093708 x 2 = -0187416 

o 
Cube, -0000009 X^ ' = -0000006 

377 
Hyp. log. of Kf^.y correct to the seventh place of decimals, -0187422 

Note. — This process may be used in finding hyperbolic log- 
arithms of numbers not in the table. Por examplci to find the 
hyperbolic logarithm of 377, we have 
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F™„^..bH{];jp;]^ S; lis 

hyp. log. 370, 5-91350 

377 
Hyp. log. «»v., already calculated, 0*01874 

Hyp. log. 377, 5-93224 

6. To find the cmtUogarithm (or natural number) corresponding 
to a given positive hyperbolic logarithm by calculation, without 
using logarithmic tables ; take the sum of the following series, to as 
many terms as may be necessary in order to give the required 
degree of accuracy ; 

First term = 1. 

Second term := The given hyp. log. 

Third term = second term X ffl^^^ JP- ^g- 



2 
Fourth term = third term y^^I^!?^^^^ 



Fifthterm = fourth term X ^^^"^ V^' ^^^^ 



4 
and so on. 

The accuracy of this process is the greater the smaller the given 
hyperbolic logarithm. 

ExAMPLK — To calculate the hyperbolic antilogarithm of 1 (in 
other words, the number whose hyperbolic logarithm is 1) te 
neven places of decimals ; 

Ist term, 1-0000000 



2d „ 


• .. 1 




...1-0000000 


3d „ 


= 


2d X i 


0-5000000 


4th „ 


= 


3d X i 


01666667 


5th „ 


s 


4th X i 


0-0416667 


6th „ 


= 


5th X i 


00083333 


7th „ 


= 


6th X J 


0-0013889 


8th „ 


= 


7th X f 


0-0001984 


9th „ 


= 


8th X i 


00000248 


10th „ 


= 


9th X * 


0-0000027 


nth „ 


= 


10th X ^Ar 


00000003 



Hyperbolic antilogarithm of 1 = 2-7182818 

This number is called the haae of the Naperiom Logaaiihim 
denoted in algebra by the symbol e or & 
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Tabus 3. — Htperbolic LooARiTHJia 



So. Hyp. Lo& Na Hyp Lo& Ka 



HypiLos. 



I 


oooocx> 


26 


325810 


2 


0-69315 


27 


329584 


3 


I -0986 1 


28 


333220 


4 


1-38629 


29 


336730 


5 


160944 


30 


340120 


6 


179176 


31 


3*43399 


7 


194591 


32 


346574 


8 


207944 


33 


349651 


9 


219722 


34 


352636 


lO 


230259 


35 


3'5553o 


II 


239790 


36 


358352 


12 


248491 


37 


361092 


13 


256495 


33 


363759 


14 


263906 


39 


366356 


^5 


270805 


40 


368888 


i6 


277259 


41 


371357 


17 


283321 


42 


373767 


i8 


289037 


43 


376120 


^9 


294444 


44 


378419 


20 


299573 


45 


380666 


21 


304452 


46 


382864 


22 


3-09104 


47 


385015 


23 


313549 


48 


387120 


24 


3-17805 


49 


3-89182 


25 


3-21888 


50 


3-91202 



51 3-93183 7^ 

52 3-95124 77 

53 397029 7^ 

54 3-9»898 79 

55 400733 80 

56 402535 81 

57 4-04305 82 

58 406044 83 

59 4-07754 84 
60. 409434 85 

61 4-1 1087 86 

62 4-12713 87 

63 4'M3^3 88 

64 415888 89 

65 4-17439 90 

66 418965 91 

67 4-20469 92 

68 4-2195^ 93 

69 4234" 94 

70 4-24850 95 

71 426268 96 

72 4-27667 97 

73 429046 98 

74 430407 99 

75 4-31749 100 



Na HypLLoi^ 

433073 
4*34381 
43567^ 
436945 
4-38203 

4*39445 
440672 

4-41884 
443082 
444265 
445435 
446591 
4*47734 
4*48864 

4*49981 
4-51086 

4-52179 
4-53260 

454329 

4-55388 

456435 
4*57471 
458497 
4-59512 
4-60517 



Hyp. log. 10, correct to eight places of decimals, = 2*30258509. 



Table 3 a. — Multipliers for Convertino LooARirHMS. 



Common into Hyperbolia 

1 2-302585 

2 4-605170 

3 6907755 

4 9210340 

5 11-512925 

6 i3'8i55^o 

7 16-118096 

8 18-420681 

9 20-723266 
10 23-025851 



Hyperbolic into Common. 

0-434294 I 

0868589 2 

1-302883 3 

1737178 4 

2171472 5 

2-605767 6 

3-040061 7 

3*474356 8 

3-908650 9 

4*342945 i<> 
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Table 4. — Multipliers for the Conversion op Circular 
Lengths and Areas. 





A.— €ircnmferences B.— Diameters 


C— Oircumferenoef 


1 D.— Radius-Lengths 




into 


into 


into 


into 






Diameters. 


Circmnferenoes. 


Radius-Lengths. 


Oircnmferencea 




I 


3-1416 


0-3x831 


6-2832 


0-159x6 


I 


2 


6-2832 


0-63662 


12-5664 


0-3x831 


2 


3 


94248 


0-95493 


18*8496 


0-47747 


3 


4 


12-5664 


1-27324 


25x327 


0-63662 


4 


5 


15-7080 


1-59155 


31-4159 


0-79578 


5 


6 


188496 


1-90986 


37-6991 


095493 


6 


7 


2I-99II 


2-22817 


43-9823 


1-1x409 


7 


8 


25-1327 


2-54648 


50-2655 


1-27324 


8 


9 


28-2743 


2-86479 


56-5487 


1-43240 


9 


lO 


31-4159 


3-18310 


62-8319 


1-59155 


10 




E— OircsnlarAreaa 
into 
Square Areaa 


R— Square Areas 


a— Degrees 

fnfrk 


H.— RadiuB-Lengths 

into 

Degrees. 






UXXO 

Cirenlar Areas. 


UXW 

Radius-Lengths. 




I 


07854 


1-2732 


00174533 


57-2958 


I 


2 


1-5708 


25465 


0-0349066 


1x4-59x6 


2 


3 


23562 


38197 


0-0523599 


171-8873 


3 


4 


3-I416 


5-0930 


0-0698x32 


229-X831 


4 


5 


3-9270 


63662 


00872665 


286-4789 


5 


6 


4-7124 


7-6394 


0-X047I97 


343*7747 


6 


7 


5-4978 


8-9127 


01221730 


40X-0705 


7 


8 


62832 


10-1859 


0-1396263 


458-3662 


8 


9 


7-0686 


11-4592 


0-X570796 


5x5-6620 


9 


lO 


7-8540 


12-7324 


0-1745329 


5729578 


10 




1— Minutes K— Badiua-LengihB 


L.— Seconds 


M.— Radins-Lengthf 


1 




into 


into 


into 


into 






Radiii8-Lengih& 


Minutes. 


Radiu8-Length& 


Seconds. 




I 


0-000291 


343775 


0-000005 


206265 


I 


2 


0-000582 


687550 


o-ooooio 


412530 


2 


3 


0-000873 


103x3-24 


0-0000x5 


618794 


3 


4 


O-OOI164 


13750-99 


0-0000x9 


825059 


4 


5 


0001454 


I7I88-74 


0-000024 


IO31324 


5 


6 


0-001745 


2062648 


0-000029 


1237589 


6 


7 


0-002036 


2406423 


0-000034 


1443854 


7 


8 


0-002327 


2750197 


0-000039 


16501x8 


8 


9 


0-002618 


30939-72 


0-000044 


1856383 


9 


lO 


0-002909 


34377-4? 


0-000048 


2062648 


10 


20 


o'oo58i8 




0-000097 




20 


30 


0-008727 




0-000x45 




30 


40 


o'oii636 




0000x94 




40 


50 


0-0I4544 




0-000242 







40 kuhbers and figurd. 

Examples of the Use of Table 4. 

I. What is the circumference of a circle whose diameter is 113 
inches? From division A of the table, we have the following:— 

100 31416 

10 31-416 

3 9-4248 

113 Sum, 355-0008 

The answer is 355 inches; the fourth and third places of 
decimals being rejected as beyond the limits of exactness of 
the table. 

II. What is the radius of a circle whose circumference is 710 
inches? From division B of the table, we have the following: — 

700 111-409 

10 1-5916 

710 Sum, 113-0006 

The answer is 113 inches; the fourth place of decimals being 
rejected as beyond the limits of the exactness of the tabla 

III. What is the area in square inches of a circle of 8 inches 
diameter? Square of 8 = 64=:ai'ea in circular inches. Then, by 
division E of the table, 

60 47-124 

4 31416 

Area in square inches {}o jive figures only), 5(i'2%^ 

rV. What is the diameter of a circle whose area is 5027 square 
inches? From division F of the table we have 

5000 6366-2 

20 25-4.^5 

7 8-9127 

Area in circular inches (to five figures only), 6400*6 

the square root of which (by Table 1, the fractions being found by 
calculation) is 80-004, being the diameter required in inches, correct 
to five places of figures. 
V. How many radius-lengths are there in an arc of 57° 17' 45"? 

Badins-Lengths. 

From division G, 50° 0-872665 

— — 7° 0-122173 

— — I, 10' 0-002909 

— — r 0-002036 

— — L, 40" 0-000194 

~ — 5" 0-000024 

Total, 57° 17' 45" 1000001 

^ almost exactly one radius-length. 
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VI. How many minutes are there in the arc which is oni- 
eightietb (or 0125) of a radius-length? By division K we have, 

•01 34-3775 

•002 6-8755 

•0005 1-7189 

42-9719 Answer; 
or 42' Qdl* neai-ly. 



Explanation op Table 5. 

This table gives the circumferences and areas of circles, of 
diameters from 101 to 1000; the circumferences computed to two 
places of decimals, the areas to the nearest unit. Circumferences 
and areas for diameters not in the table may be computed by the 
aid of the following principles : — 

1. The circumferences of circles are proportional to their diam- 
eters. 

2. The areas of circles are proportional to the squares of their 
diameters. 



Table 5. — Cibcumfkrencks and 


Abeas or CiBciOL 


Diam. 


CircunL. 


Area. 


Diam. 


Circum. 


Ait». 


lOI 


317-30 


8012 


146 


45867 


16742 


I02 


32044 


8171 


M7 


461-81 


16972 


103 


323-58 


8332 


148 


46496 


17203 


104 


32673 


8495 


149 


468-10 


17437 


105 


329-87 


8659 


150 


471-24 


1767I 


106 


33301 


8825 


151 


47438 


17908 


107 


33615 


8992 


152 


477*52 


18146 


108 


33929 


9161 


153 


480-66 


18385 


109 


34243 


9331 


154 


483-81 


18627 


IIO 


34558 


9503 


155 


486-95 


18869 


III 


34872 


9677 


156 


49009 


I9II3 


112 


351-86 


9852 


157 


49323 


19359 


"3 


35500 


10029 


158 


496*37 


19607 


114 


358U 


10207 


159 


499*51 


19856 


"5 


36128 


10387 


160 


50265 


20106 


116 


36442 


10568 


161 


505*80 


20358 


117 


36757 


IO75I 


163 


50894 


20612 


T18 


3707 i 


10936 


163 


51208 


20867 


119 


37385 


III22 


164 


515*22 


2II24 


120 


37699 


II3IO 


16s 


51836 


21382 


121 


38013 


II499 


166 


521*50 


21642 


122 


38327 


I169O 


167 


524*65 


21904 


123 


38642 


II882 


168 


52779 


22167 


124 


389-56 


12076 


169 


530*93 


22432 


125 


39270 


12272 


170 


53407 


22698 


126 


39584 


12469 


171 


537*21 


22966 


127 


39898 


12668 


172 


540*35 


23235 


128 


402*12 


12868 


173 


54350 


23506 


129 


40527 


13070 


174 


54664 


23779 


130 


408-41 


13273 


175 


54978 


24053 


131 


411-55 


13478 


176 


552*92 


24329 


132 


41469 


13685 


177 


556*06 


24606 


133 


417-83 


13893 


178 


559*2o 


24885 


134 


420-97 


I4IO3 


179 


56235 


25165 


135 


424-12 


I43M 


180 


56549 


25447 


136 


427-26 


14527 


181 


56863 


25730 


137 


430-40 


14741 


182 


57177 


26016 


138 


433-54 


14957 


183 


574*91 


26302 


139 


43668 


15175 


184 


578*05 


26590 


140 


43982 


15394 


185 


581*19 


26880 


14T 


442-96 


15615 


186 


584-34 


27172 


142 


446-1 T 


15837 


187 


587-48 


27465 


143 


449-25 


1 606 1 


188 


590*62 


27759 


144 


45239 


16286 


189 


59376 


28055 


145 


455*53 


16513 


190 


596*90 


28353 



43 



Diam. 


Circum. 


Area. 


Diam. 


Circum. 


Area. 


191 


600*04 


28652 


236 


741-42 


43744 


192 


60319 


28953 


237 


744-5<5 


44115 


193 


60633 


29255 


238 


74770 


44488 


194 


609-47 


29559 


239 


750-84 


44863 


195 


6t2*6i 


29865 


240 


753-98 


45239 


196 


61575 


30172 


241 


757-12 


45617 


197 


618-89 


30481 


242 


76o"27 


45996 


198 


622*04 


30791 


243 


7<53-4i 


46377 


199 


625-18 


31103 


244 


766-55 


46759 


200 


62832 


31416 


245 


76969 


47144 


201 


631-46 


3173I 


246 


77283 


47529 


202 


634-60 


32047 


247 


775-97 


47916 


203 


63774 


32365 


248 


779-12 


48305 


204 


640-89 


32685 


249 


782-26 


48695 


205 


644-03 


33006 


25P 


785-40 


49087 


206 


647-17 


33329 


251 


788-54 


49481 


207 


650-31 


33654 


252 


791-68 


49876 


208 


653-45 


33979 


253 


794-82 


50273 


209 


65659 


34307 


254 


797-96 


50671 


210 


65973 


34636 


255 


801-11 


51071 


211 


662-88 


34967 


256 


804-25 


51472 


212 


666 -02 


35299 


257 


807-39 


51875 


213 


669-16 


35633 


258 


81053 


52279 


214 


672-30 


35968 


259 


813-67 


52685 


215 


67544 


36305 


260 


8i6-8i 


53093 


216 


678-58 


36644 


261 


819-96 


53502 


217 


681-73 


36984 


262 


823-10 


53913 


218 


684-87 


37325 


263 


826-24 


54325 


219 


688-ot 


37668 


264 


829-38 


54739 


220 


691-15 


38013 


265 


832-53 


55155 


221 


694-29 


38360 


266 


835-66 


55572 


222 


697*43 


38708 


267 


838-81 


55990 


223 


700-58 


39057 


268 


841-95 


56410 


224 


703-72 


39408 


269 


84509 


56832 


225 


706-86 


39761 


270 


848-23 


57256 


226 


710-00 


40115 


271 


851-37 


57680 


227 


71314 


40471 


272 


854-51 


58107 


228 


716-28 


40828 


273 


857-66 


58535 


229 


719-42 


41187 


274 


86080 


58965 


230 


722-57 


41548 


275 


863-94 


59396 


231 


72571 


41910 


276 


867-08 


59828 


232 


728-85 


42273 


277 


870-22 


60263 


233 


731-99 


42638 


.278 


873-36 


60699 


234 


73513 


43005 


279 


876-50 


61136 


235 


73827 


43374 


280 


879-65 


[ 61^1^ 



44 



Diam. 


Circum. 


Area. 


Diam. 


Gzctun. 


Area. 


281 


88279 


62016 


326 


1024*16 


83469 


282 


885-93 


62458 


327 


1027-30 


83982 


283 


889-07 


62902 


328 


1030*44 


84496 


284 


892*21 


63347 


329 


103358 


85012 


285 


89535 


63794 


330 


103673 


85530 


286 


89850 


64242 


331 


1039*87 


86049 


287 


90 1 64 


64692 


332 


IO43OI 


86570 


288 


90478 


65144 


333 


1046-15 


87092 


289 


907-92 


65597 


334 


1049-29 


87616 


290 


91 1 06 


66052 


335 


1052*43 


8814I 


291 


914-20 


66508 


336 


1055-58 


88668 


292 


917-35 


66966 


337 


105872 


89197 


293 


92049 


67426 


338 


io6i-86 


89727 


294 


92363 


67887 


339 


1065*00 


90259 


295 


92677 


68349 


340 


1068-14 


90792 


296 


929-91 


68813 


341 


1071-28 


91327 


297 


93305 


69279 


342 


1074-42 


91863 


298 


936-19 


69747 


343 


io77'57 


92401 


299 


939*34 


70215 


344 


10807 1 


92941 


300 


942-48 


70686 


345 


1083-85 


93482 


301 


94562 


71158 


346 


1086-99 


94025 


302 


94876 


7163I 


347 


1090-13 


94569 


303 


951-90 


72107 


348 


1093-27 


95"5 


304 


95504 


72583 


349 


1096-42 


95662 


305 


958-19 


73062 


350 


1099-56 


9621 1 


306 


961-33 


73542 


351 


1102-70 


96762 


307 


964-47 


74023 


352 


1105-84 


97314 


308 


967-61 


74506 


353 


1108-98 


97868 


309 


97075 


74991 


354 


III2-I2 


98423 


310 


97389 


75477 


355 


iii5*27 


98980 


311 


977-04 


75964 


356 


II18-4I 


99538 


312 


980-18 


76454 


357 


II2I-55 


100098 


313 


983-32 


76945 


358 


1124-69 


100660 


314 


986-46 


77437 


359 


1127-83 


101223 


315 


989-60 


7793^ 


360 


1130-97 


101788 


316 


99274 


78427 


361 


1134-12 


102354 


317 


995-88 


78924 


362 


1137-26 


102922 


318 


999-03 


79423 


363 


1140*40 


103491 


319 


1002-17 


79923 


364 


1143*54 


104062 


320 


1005-31 


80425 


365 


1146-68 


104635 


321 


1008-45 


80928 


366 


1149-82 


105209 


322 


1011-59 


81433 


367 


1152-97 


105785 


323 


101473 


81940 


368 


1156-11 


106362 


324 


1017-88 


82448 


369 


"59*25 


106941 


325 


I02I-02 


82958 


370 


1162-39 


107521 



is 



Diam. 


Circum* 


Area. 


Diam. 


Grcum. 


Area. 


371 


1165-53 


108103 


416 


1306-91 


135918 


372 


1168-67 


108687 


417 


1310-05 


136572 


373 


1171-81 


109272 


418 


1313-19 


137228 


374 


1174-96 


109858 


419 


131633 


137885 


375 


1178-10 


I 10447 


420 


131947 


138544 


376 


1181-24 


I I 1036 


421 


1322-61 


139205 


377 


1184-38 


II1628 


422 


132575 


139867 


378 


1187-52 


II222I 


423 


1328-89 


140531 


379 


1190-66 


II2815 


424 


133204 


I4II96 


380 


II93-81 


II34II 


425 


1335*18 


141863 


381 


1196-95 


I I 4009 


426 


133832 


142531 


382 


1200-09 


I I 4608 


427 


1341-46 


143201 


383 


1203-23 


II5209 


428 


1344-60 


143872 


384 


1206-37 


IT5812 


429 


134774 


144545 


385 


1209-51 


I16416 


430 


1350-89 


145220 


386 


1212-66 


II702I 


431 


135403 


145896 


387 


1215-80 


117628 


432 


135717 


146574 


388 


1218-94 


II8237 


433 


1360-31 


147254 


389 


1222-08 


I18847 


434 


136345 


147934 


390 


1225-22 


I 19459 


435 


136659 


148617 


391 


1228-36 


120072 


436 


136973 


149301 


392 


123^50 


120687 


437 


1372-88 


149987 


393 


1234-65 


121304 


438 


1376*02 


150674 


394 


1237-79 


I21922 


439 


1379-16 


151363 


395 


1240-93 


122542 


440 


1382-30 


152053 


396 


1244-07 


I23163 


441 


1385*44 


152745 


397 


1247-21 


123786 


442 


1388-58 


153439 


398 


1250-35 


I244IO 


443 


139173 


154134 


399 


125350 


125036 


444 


1394-87 


154830 


400 


1256-64 


125664 


445 


1398-01 


155528 


401 


1259-78 


126293 


446 


1401-15 


156228 


402 


1262-92 


126923 


447 


1404-29 


156930 


403 


1266-06 


127556 


448 


1407*43 


157633 


404 


1269-20 


128190 


449 


1410-58 


158337 


405 


127235 


128825 


450 


141372 


159043 


406 


1275-49 


129462 


451 


1416-86 


159751 


407 


1278-63 


I3OIOO 


452 


1420-00 


160460 


408 


1281-77 


130741 


453 


1423*14 


16117I 


409 


1284-91 


I31382 


454 


1426-28 


T61883 


410 


1288-05 


132025 


455 


1429-42 


162597 


411 


1291-19 


132670 


456 


1432*57 


163313 


412 


1294-34 


133317 


457 


143571 


164030 


413 


1297-48 


133965 


458 


143885 


164748 


414 


1300-62 


134614 


459 


1441*99 


165468 


415 


1303-76 


135265 


460 


1445*13 


16619c 



46 



Diam. 


Circum. 


Area. 


DIam. 


Circum. 


Area. 


461 


1448-27 


166914 


506 


1589-65 


201090 


462 


1451-42 


167639 


507 


159279 


201886 


463 


1454-56 


168365 


508 


1595*93 


202683 


464 


145770 


169093 


509 


1599-07 


203482 


465 


1460-84 


169823 


5'o 


l602-21 


204282 


466 


1463-98 


170554 


5" 


1605-35 


205084 


467 


1467-12 


I71287 


512 


1608-50 


205887 


468 


1470-27 


17202c 


S'3 


i6ii'64 


206692 


469 


1473-41 


172757 


514 


161478 


207499 


470 


i47<>-55 


173494 


515 


1617-92 


208307 


47 i 


147969 


174234 


S16 


1621*06 


209117 


472 


1482-83 


174974 


517 


1624-20 


209928 


473 


1485-97 


175716 


518 


1627-35 


210741 


474 


1489-12 


176460 


519 


1630-49 


211556 


475 


1492-26 


177205 


520 


1633-63 


212372 


476 


149540 


177952 


521 


163677 


213189 


477 


149854 


I7870I 


522 


1639-91 


214008 


478 


1501-68 


I7945I 


523 


164305 


214829 


479 


1504-82 


180203 


524 


1646*20 


215651 


48Q 


1507-96 


180956 


525 


1649*34 


216475 


481 


1511-11 


1817II 


526 


1652*48 


217301 


482 


1514-25 


182467 


527 


1655*62 


218128 


483 


1517-39 


183225 


528 


165876 


218956 


484 


1520-53 


183984 


529 


1661-90 


219787 


485 


1523-67 


184745 


530 


1665-04 


220618 


486 


1526-81 


185508 


531 


1668*19 


221452 


487 


1529-96 


186272 


532 


1671-33 


222287 


488 


1533-10 


187038 


533 


1674-47 


223123 


489 


153624 


187805 


534 


167761 


223961 


490 


1539-38 


188574 


535 


168075 


224801 


491 


1542-52 


189345 


53<5 


1683*89 


225642 


492 


1545-66 


I9OII7 


537 


1687-04 


226484 


493 


1548-81 


190890 


538 


1690*18 


227329 


494 


1551-95 


191665 


539 


1693-32 


228175 


495 


I555-&9 


192442 


540 


1696*46 


229022 


496 


155823 


I9322I 


541 


1699-60 


229871 


497 


1561-37 


194000 


54a 


170274 


230722 


498 


1564-51 


194782 


543 


1705-88 


231574 


499 


1567-65 


195565 


544 


170903 


232428 


500 


1570-80 


196350 


545 


1712-17 


233283 


501 


1573-94 


197136 


546 


1715-31 


234140 


602 


1577-08 


197923 


547 


1718-45 


234998 


503 


1580-22 


198713 


548 


1721-59 


235858 


504 


1583-36 


199504 


549 


172473 


236720 


50s 


1586-50 


200296 


550 


1727-88 


237583 



r 


^ 




4T 


^^Hm^^^«^ 




1 




Diam. 


Circum. 


Area, 


Diam, 


Circum. 


Ajtei. 




551 


173^02 


238448 


596 


1872-39 


278986 


■ 




55' 


1734*16 


2393^4 


597 


1875^53 


279923 


M 




553 


i737*3<> 


240182 


598 


1878*67 


280862 


■ 




554 


1740H4 


241051 


599 


1881 '81 


281802 


■ 




555 


17 43 '53 


241922 


600 


1884*96 


282743 


■ 




556 


174673 


242795 


601 


i888'io 


283687 


■ 




557 


174987 


243669 


602 


1891*24 


284631 


m 




538 


1 75301 


244545 


603 


1894-38 


28557B 


M 




559 


1756^15 


245422 


604 


1897*52 


286526 


^1 




560 


175929 


246301 


605 


1900*66 


287475 


^ 




561 


i7^^^3 


347181 


606 


1903*81 


288426 


J 




562 


1765-58 


248063 


607 


1906*95 


2B9379 


H 




563 


1768-73 


248947 


608 


1910-09 


290334 


^M 




564 


1771-86 


24983a 


609 


1913*23 


291289 


^m 




565 


177500 


250719 


610 


1916-37 


292247 


■ 




B<i6 


X778*i4 


251607 


6ii 


1919*51 


293206 


■ 




567 


1781^28 


252497 


612 


1922*65 


294166 


■ 




568 


1784-4^ 


253388 


613 


1925*80 


295128 


I 




569 


178757 


254281 


614 


1928*94 


296092 


■ 




570 


1 7907 1 


255176 


61S 


1932*08 


297057 


■ 


f 


571 


i793"85 


256072 


616 


1935*22 


298024 


^ 


I 


573 


1796-99 


256970 


6iy 


1938^36 


298992 






573 


1800*13 


257869 


6i8 


1941^50 


299962 




II 


574 


1803-27 


258770 


619 


1944-65 


300934 






575 


1806*42 


259672 


£20 


194779 


301907 






576 


J 809-56 


260576 


631 


i95c>"93 


302882 




\ 


577 


1812-70 


261482 


623 


I954*c7 


3^3858 






578 


1815-84 


262389 


623 


1957*21 


304836 




- 


579 


1818*98 


263298 


634 


1960*35 


305815 




i 


S8o 


1822*12 


264208 


625 


19^3-50 


306796 






581 


1825^27 


265120 


626 


196664 


307779 






S8a 


1828-41 


266033 


637 


196978 


308763 






583 


1831*55 


266948 


628 


1972*93 


309748 






584 


1834-69 


267865 


629 


1976*06 


310736 






585 


1837 "83 


268783 


630 


1979-20 ' 


3^1725 






586 


1840*97 


269703 


631 


1982-35 


312715 






587 


1844*11 


270624 


63* 


1985*49 


313707 




1 


588 


1847*26 


271547 


633 


1988-63 


314700 






589 


185040 


272471 


634 


199177 


3^569^ 






590 


1853^54 


273397 


635 


1994^91 


316692 






591 


1856-68 


274325 


636 


199805 


317690 






59' 


1859-82 


275254 


637 


2001*19 


318690 






593 


1862*96 


276184 


638 


2004-34 


319692 






594 


i866*tx 


277117 


639 


2007*48 


320695 






593 


1869^25 


278052 


640 


2010-62 


321699 
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Diam. 


Circunit 


Area. 


Diam. 


Circum. 


Aiiea. 


641 


201376 


322705 


686 


2155-13 


369605 


642 


2016-90 


3237^3 


687 


2158-27 


370684 


643 


2020-04 


324722 


688 


2161-43 


371764 


644 


2023-19 


325733 


689 


2164-56 


372845 


645 


2026-33 


326745 


690 


2167-70 


373928 


646 


2029-47 


327759 


691 


2170-84 


375013 


647 


2032-61 


328775 


692 


2173-98 


376099 


648 


2035-75 


329792 


693 


2177-12 


377187 


649 


2038-89 


330810 


694 


2180-27 


378276 


650 


2042-04 


33183I 


695 


2i83-4r 


379367 


651 


2045-18 


332853 


696 


2186-55 


380459 


652 


2048-32 


333876 


697 


2189-69 


381554 


653 


2051-46 


334901 


698 


2192-83 


382649 


654 


2054-60 


335927 


699 


2195-97 


383746 


655 


205774 


336955 


700 


2199-11 


384845 


656 


2060-88 


337985 


701 


2202-26 


385945 


657 


2064-03 


339016 


702 


2205-40 


387047 


658 


2067-17 


340049 


703 


2208-54 


388151 


659 


2070-31 


341084 . 


704 


22 IT -68 


389256 


660 


2073-45 


342II9 


705 


2214-82 


390363 


661 


2076-59 


343157 


706 


2217*96 


39I47I 


663 


2079-73 


344196 


707 


222I-II 


392580 


663 


2082-88 


345237 


708 


2224-25 


393692 


664 


2086-02 


346279 


709 


222739 


394805 


665 


2089-16 


347323 


710 


2230-53 


395919 


666 


2092-30 


348368 


711 


2233-67 


397035 


667 


2095-44 


349415 


712 


2236-81 


398153 


668 


2098-58 


350464 


713 


223996 


399272 


669 


2101-73 


3515H 


714 


2243-10 


400393 


670 


2104-87 


352565 


715 


2246-24 


4OI515 


671 


2108-01 


353618 


716 


2249-38 


402639 


672 


2III-I5 


354673 


717 


2252-52 


403765 


673 


2114-29 


355730 


718 


225566 


404892 


674 


2117-43 


356788 


719 


2258-81 


406020 


675 


2120-58 


357847 


720 


2261-95 


407150 


676 


2123-72 


358908 


721 


2265-09 


408282 '. 


677 


2126-86 


359971 


722 


2268-23 


409416 


678 


2130-00 


361035 


723 


2271-37 


410550 


679 


2133-14 


362IOI 


724 


2274-51 


41 1687 


680 


2136-28 


363168 


725 


227765 


412825 


681 


2139-42 


364237 


726 


2280-80 


413965 


683 


2142-57 


365308 


727 


2283-94 


415106 


683 


2145-71 


366380 


728 


2287-08 


416248 


684 


2148-85 


367453 


729 


2290-22 


417393 


685 


2151-99 


368528 


730 


2293-36 


418539 



1 


■ 




\d 






m 




DiAdi. 


Ciruiin. 


Area. 


Diam. 


Circinn. 


Area. 


^M 




73t 


2296 '50 


419686 


776 


243788 


472948 


^M 




73a 


2J9t>'65 


420835 


777 


244^02 


47 4 I 68 


^M 




733 


230279 


421986 


778 


2444-16 


475389 


^M 




734 


2305^93 


423139 


779 


244730 


476612 


^M 




735 


2 309 '07 


424293 


780 


2450-44 


477836 


H 




736 


3312^31 


425448 


781 


2453*58 


479063 


H 




737 


231533 


426604 


782 


245673 


480290 


^1 




73a 


2318-50 


427763 


783 


2 459 "87 


481519 


^1 




739 


2321 ■<54 


42B922 


784 


2463^01 


482750 


^1 




740 


332478 


430084 


785 


2466-15 


483982 


^1 




741 


2337-92 


43*247 


786 


2469*29 


485216 


^1 




742 


2331-05 


432412 


787 


2472-43 


486451 


^1 




743 


2334^30 


433578 


7S8 


^475-58 


487688 


^1 




744 


2337^34 


434746 


789 


247872 


488927 


^1 




745 


234<^'49 


435916 


790 


2481-86 


490167 


^1 




746 


2343'<53 


437087 


791 


2485-00 


491409 


^M 




747 


234677 


438259 


792 


2488-14 


493652 


^M 




748 


3349"9T 1 


439433 


793 


2491*28 


493897 


^M 




749 


235305 


440609 


794 


2494-42 


495M3 


^1 




750 


2356*19 


441786 


795 i 


249757 


496391 


^M 




751 


2359^34 


442965 


796 i 


250071 


497641 


^M 




753 


2362-48 


444146 


797 


2503^^5 


498892 


^M 




753 


2^6s-62 


445328 


798 


2506-99 


500145 


^M 




754 


2368-76 


446511 


799 


2510-13 


501399 


^^^1 




755 


2371-90 


447697 


800 


25i3'27 


502655 


^^^1 




756 


3 37 5 "04 


448883 


8or 


2516-42 


503912 


^^H 




757 


3378-19 


450072 


803 


2519*56 


505171 


^H 




758 


23^1-33 


451262 


803 


253270 


506432 


^1 




759 


2384-47 


452453 


804 


2525-84 


507694 


^^ 




760 


238761 


453646 


805 


2528*98 


508958 


^1 




761 


239^^75 


454841 


806 


2532*12 


510223 


^1 


* 


762 


2393^89 


456037 


807 


2535^27 


511490 


^1 




763 


3397-04 


457234 


808 


253841 


512758 


^^ 




764 


2400-18 


458434 


809 


2541^55 


514038 


^1 




765 


2403-32 


459635 


810 


2544-69 


515300 


^1 




766 


2 406 '46 


460837 


Sii 


254783 


516573 


^1 




767 


2409 60 


46204I 


812 


2550*97 


517848 


^1 




768 


241274 


463247 


813 


2554'tt 


519124 


^^ 




769 


2415'fiS 


464454 


814 


255726 


530402 


^M 




770 


2419-03 


465663 


815 


2560-40 


521681 


^M 




771 


2422^17 


466873 


816 


5563"54 


522962 


^M 




778 


2425-31 


468085 


817 


2566-68 


524^45 


^M 




773 


2428-45 


469298 


8f8 


2569-82 


525529 1 


^M 




774 


243 1 '59 


470313 


819 


2573-96 


526814 


H 




775 


243473 


471730 


S20 


2576*11 


528102 


fl 


I 






J 


i 




. 


^^M 
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Diam. 


Circura. 


Area. 


Diam. 


Qrcum. 


Area. 


821 


2579-25 


529391 


866 


2720*62 


589014 


82a 


258239 


530681 


867 


272376 


590375 


823 


258553 


531973 


868 


2726-90 


591738 


824 


258867 


533267 


869 


2730-04 


593^02 


825 


2591-81 


534562 


870 


273319 


594468 


826 


259496 


535858 


871 


273633 


595835 


827 


2598-10 


537157 


872 


2739*47 


597204 


828 


2601*24 


538456 


873 


2742-61 


59857s 


829 


260438 


539758 


874 


274575 


599947 


830 


2607 52 


541061 


875 


2748-89 


601320 


831 


2610-66 


542365 


876 


2752-04 


602696 


832 


2613-81 


543671 


877 


2755-18 


604073 


833 


2616-95 


544979 


878 


2758-32 


605451 


834 


2620-09 


546288 


879 


2761*46 


606831 


835 


262323 


547599 


880 


276460 


608212 


836 


2626-37 


548912 


881 


2767-74 


60959S 


837 


2629-51 


550226 


882 


2770-88 


610980 


838 


263265 


551541 


883 


2774-03 


612366 


839 


2635-80 


552858 


8S4 


2777-17 


613754 


840 


2638-94 


554177 


885 


2780-31 


615143 


841 


2642-08 


555497 


886 


2783-45 


616534 


842 


2645-22 


556819 


887 


278659 


617927 


843 


264836 


558142 


888 


278973 


61932I 


844 


2651-51 


559467 


889 


279288 


620717 


845 


265465 


560794 


890 


2796-02 


622114 


846 


265779 


562122 


891 


2799-16 


623513 


847 


2660-93 


56345a 


892 


2802-30 


624913 


848 


266407 


564783 


893 


280544 


626315 


849 


2667-21 


566116 


894 


2808-58 


627718 


850 


2670-35 


567450 


895 


2811-73 


629124 


851 


2673-50 


568786 


896 


2814-87 


630530 


852 


2676-64 


570124 


897 


2818-01 


631938 


853 


267978 


571463 


898 


2821-15 


633348 


854 


2682-92 


572803 


899 


2824-29 


634760 


855 


268606 


574146 


900 


2827-43 


636173 


856 


2689-20 


575490 


901 


2830-58 


637587 


857 


269234 


576835 


902 


2833-72 


639003 


858 


2695-49 


578182 


903 


2836-86 


640421 


859 


269863 


579530 


904 


2840-00 


641 840 


860 


2701-77 


580880 


905 


284314 


643261 


861 


2704-91 


582232 


906 


284628 


644683 


862 


2708-05 


583585 


907 


2849-42 


646107 


863 


2711-19 


584940 


908 


285257 


647533 


864 


271434 


586297 


909 


285571 


648960 


865 


2717-48 


587655 


910 


285885 


650388 



^^^^^^^^^^^s^^^^^^^^^^^^^ 


Diam. 


Drcum, 


Area, 


Diam, 


CireuiTi, 


Area. 




911 


2861 '99 


651818 


956 


300336 


717804 




912 


2865"i3 


653250 


957 


3006-50 


719306 




913 


2868-37 


654684 


958 


3009-65 


720810 




9U 


2871-43 


656119 


959 


3013-79 


733316 




1 91s 


2874-56 


657555 


960 


3015-93 


723833 




1 916 


2877-70 


658993 


961 


3019*07 


725333 




917 


28^0*84 


660433 


963 


3022*21 


736842 




> 918 


2883-98 


661874 


03 


303535 


728354 




919 


2887*12 


663317 


964 


3028*50 


729867 




920 


2890-27 


664761 


965 


303^*64 


731383 




921 


2893*41 


666207 


966 


30347B 


732899 




1 922 


^896*55 


667654 


967 


3037 93 


734417 




9^3 


2899*69 


669103 


968 


3041*06 


735937 




1 924 


3902*83 


^70554 


g6g 


3044*20 


737458 




# 925 


2905-97 . 


672006 


970 


304734 


738981 




92a 


2909-tl , 


673460 


971 


3050-49 


740506 




937 


29x3 25 


674915 


973 


3o53'63 


742032 




928 


3915-40 


676372 


973 


305677 


743559 




929 


2918-54 


677831 


774 


3059*91 


745088 




930 


2921-63 


679291 


975 


3063-05 


746619 1 




931 


2924 "82 


680753 


976 


3066-19 


748151 




933 


2937 -96 


682316 


977 


306934 


749685 




933 


2931-11 


6Ss6Bo 


97^ 


3072*48 


751231 




934 


393425 


6S5147 


979 


3075-62 


753758 


d 


935 


293739 


686615 


980 


307876 


754296 


1 


93(i 


2940-53 


688084 


981 


3081-90 


755837 


1 


937 


3943-67 


689555 


983 


3085*04 


757378 


1 


9^^ 


3946-81 


691028 


983 


3088-19 


758933 


J 


1 939 


2949*96 


692502 


984 


3091-33 


760466 


■ 


940 


2953*10 


693978 


9^B 


3094^47 


762013 


■ 


941 


2956*24 


695455 


9B6 


3097*61 


763561 


■ 


942 


2959-38 


696934 


987 


3100*75 


765111 




943 


2963*52 


698415 


^B8 


3103*89 


766663 




944 


2965-66 


699897 


9S9 


3107*04 


768215 




.945 


2968 -B I 


701380- 


990 


3110*18 


769769 




m 


2971*95 


703865 


99^ 


311332 


771325 




3975"o9 


704352 


992 


3116*46 


772883 




' 948 


2978-23 


705840 


993 


31 1960 


774441 




949 


2981*37 


707330 


994 


3122*74 


776003 




950 


2984-51 


708823 


995 


31 25 -88 


777564 




95^ 


2987 '65 


710315 


99^ 


312903 


779128 




953 


299080 


711810 


997 


3i3s''7 


780693 




1 953 


2993-94 


713306 


998 


313531 


783260 




954 


2997 08 


714803 


999 


3138-45 


783828 g^ 


, 955 


3000*22 


7^6303 


1000 


3141-59 


7S5B93 


1 


' 






? 






J 
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TRIGONOMETRICAL RULES. 

(The following is a summarj of the principles and chief rules of 
trigonometry. In applying those rules to ordinary mechanical 
questions, a very brief table, such as Table 6, is sufficient; but for 
purposes of surveying, astronomy, and navigation, it is necessary to 
use tables too voluminous to be included in such a work as this.) 

I. Trigonometrical Functions Defined, — Suppose that A, B, C 
stand for the three angles of a right-angled triangle, C being the 
right angle, and that a, 6, c stand for the sides respectively opposite 
to those angles, c being the hypothenuse ; then the various names 
of trigonometrical functions of the angle A have the following 
meanings :— * 

A ^ A ^ 

sin A = - : cos A = - : 
c' c' 

. . c-b . . c-a 

versin A = : coversm A = : 

c ' 

tan A = T ; cotan A = - : 
a 

k C A c 

sec A ss: r : cosec A = -. 
a 

The complement of A means the angle B, such that A + B = a 
right angle; and the sine of each of those angles is the cosine of the 
other, and so of the other functions by pairs. 

II. Edations amongst the Trigonometrical Fmictions of One 
Angle, A, and of its Supplement, 180° — A: — 

A /~i 7~r tan A 1 

sm A = sf I — cos'^ A = 



cos A = V 1 — sin2 A = 



sec A cosec A' 
cotan A 1 



"cosec A sec A' 
versin A = 1 — cos A ; 
CO versin A = 1 — sin A ; 

tan A = r = — : t = sin A • sec A = J sec^ A — 1 ; 

cos A cotan A 

cotan A = -; — t = = cos A • cosec A = n/coscc^ A — 1; 

sm A tan A 

sccA = T-= Vl+tan^A: 

cos A 

cosec A = -z — r = \/ 1 4- cotan^ A. 
sm A 
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^3 



cos (l^O^ — A) = — coa A; 

versin (ISO** — A) = 1 4- cos A =r 2 — vtjrsin A; 

coversin (180* — ^ A) = coverain A j 

tan (IS0« — A) r= — tan A ^ 

cotan (180" ^ A) = — cotan A; 

sec (ISO" — A) = — aec A; 

coseo (180** — A) = cos«c A* 

To coTupnte rines, <fec., approximately bj series; reduce tlie 
angle to circular measure — that is, to radius- length a and fractiona 
of a radius'lengtli {see Table 5) ; let it be denoted by A Then 

A« A^ 



A* 
coaA=l-^H-^^. 



2.3.4.0.6,7 
AS 



J^c 



+ &c. 
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III. TrtgoTwntetrical Functiotis of Two Angles: — 

ein (A ^t B) = ein A cos B rir cos A sin B ; 
COS (A ^r B) — cos A cos B ^z sin A siu B; 

j^ i k _._ T>\ ^Ti A td= tan B 
tan (A =t B) = -— T— — =- 

^ ' 1 ^^ tan A tan B 

XT* Formvh^for the Sohdion of Plane Triangles.*— JM A, B, C 
be the angles, and a, ft, c the sides respectively opposite them. 

!• Bclatioiu «tuangBl tli« Aiig]««^ 

A + B + C = 180='; 
or if A and B are given, 

0= 180^- A -B, 

% Wlien ilie AnglfM and Oiie Hide mte giyen, let a be the given 
side ; then the other two sides are 

sin B sin 

sin A ^ 



b = a 



c = a 



sin A' 

3, Wbea Two Sfdm und ib« Inclaitcd Adj^Ia nre «!▼«■, let ^^ ft be 

the given side^, G the given included angle; then 

To find the third mde. First MetJiod: 

c " J {a^ 4* ft3 - 2 ^ ft coa C); 



Second Method: 



^^ . . - 2 Jab C . 

Mate sin D ^ ~ ■ coa -, ; then 

et + ft 2 

c - {a + b) cos D. 
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Third Method: Make tan E = ?^^^ -sin ?: then 

a — D a 

c = (a - &) sec K 

To find the remaining angles, A and B. 

If the third side has been computed, 

sin A = - • sin C : sin B = - - sin 0. 
c c 

If the third side has not been computed, 

A+B ,C^A-Ba-6,0 



tan ' 



2 



= cotan 2-; tan— g— = ^-^ cotan g; 



.A+B A-B ^ A+B A-B 
^ - "X" "^ ~2~' ^ ~ "1 2~' 

4. When the Three Sides are glvea, tO find any one of the ongks, 
such as C — 

a* + 62 - c* 



or otherwise, let 



a + b + e ^, 
« = 5 ; then 



cos- 



sin C = ^N^^(^-«)(^-^)(^-<^ ) 
a 6 

Note. — In all trigonometrical problems, it is to be borne in mind, 
that small acute angles, and lai-ge obtuse angles, are most accurately 
determined by means of their sines, tangerits, and cosecants, and 
angles approaching a right angle by their cosines, cotam^ents, and 
secants, 

5, To Solre a Bight-angled Triangle.— Let C denote the right 
angle; c the hypothenuse; A and B the two oblique angles; a and 
h the sides respectively opposite them. 

Given, the right angle, another angle B, the hypothenuse c. 
Then 

A = 90° - B; a = c • cos B; 6 = c • sin B. 
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Given, the right angle, another angle B, a side a, 

A = 90*'- B; 6 = a-tanB; c = a-secR 
Given, the right angle, and the sides a, b, 

tan A =* 7 : tan B = - : c = J a^ + il^. 
a 

Given, the right angle, the hypothenuse c; a side a, 

sin A = cos B = - ; h— J (^ — a\ 
c 

Given, the three sides a, 6, c, which fulfilling the equation 
c- =^ a^ + b\ the triangle is known to be right-angled at C. 

sin A = - : sm B = - . 
c e 

6. To ExpreM the Area of a Plane Triangle in Terms of Its Sides 
and Anglrs. 

Given, one sid^ c, and the angles. 

. c^ sin A sin B 

Area = „ . ^—^ — . 

2 sinC 

Given, two sides, h, c, and the included angle A. 

. 6 c • sin A 
Area ^ ■ 

Given, the three sides a, 6, c Let ^ = *; then 

Area = J <8 {a — a) {s - b) {s — c)\ , 

Y. Evies for the SohUion of Spherical Tricmgles, — Let A, B, C 
denote the three angles of a spherical triangle, and «, /3, y, the 
angles subtended by itn sides at the centre of the sphere, called for 
brevity's sake, the sides. 

The spherical excess means, the excess of the sum of the angles 
A + B + C above two right angles. 

- Spherical excess area of triangle 

4 right angles surface of hemisphere' 

2. To compute the approximate splterical excess, in seconds, of a 
triangle on the earth's surface whose area is given; divide that 
area by one or other of the following divisors, according as it is 
given in square feet, in square nautical miles, or in square metres : — 

Areagiyenin Diviaor. Com. Log. 

Square feet, 2,115,500,000 9*3254101 

Squaro nautical miles, 572 957 8 1 7 58 1 2 26 

Squai-e metres, 196,530,000 8*29^<^2^'i 



56 KUMB1SRS AND FIOUSES. 

3. Given, two angles of a spherical triangle, and the aide hetween 

them ; to find the remaining sides and angle- 
Let Ay B be the given angles, and y &e given sida Then to 

find the remaining sides^ « and /3- — 

A-B 

tan —^ — = tan ^ - 



A + B' 

008-2— 

A-B 



**"-2-"*^2-T^rTB' 

sin— ^ 

• + /8.«-/8 • + fi » - fi 

- = -^ + -2- ' " " -2 J-' 

To find the remaining angle, C, we have the proportion — 

sin « : sin /9 : sin y : : sin. A : sin B : sin C. 
4. Given, two sides of a spherical triangle and the angle between 
them ; to find the remaining side and angle- 
Let «, /3 be the given sides ; C, the given angle. 
First Metliod, — To find the remaining side, y ; 

cos y = cos « • cos /3 -I- sin « * sin /3 • cos 0; 

but this formula being unsuited to calculation by logarithms, the 
following has been deduced from it : — 

C 



sin I 



Make sin D = cos -^ • a /sin » • sin /8 ; then 



and to find the remaining angles, we have the proportion, 
sin y : sin « : sin ^ : : sin C : sin A : sin B. 
Second Method. — To find the remaining angles. A, R 

, A + B 

tan — 5 — , 

2 a + S ' 



^ A-B 
tan — s — 



cos 


2 


• cotan 


c 

2 




cos — 


+ /3 
2 




sin 


2 


•cotan 



2 




sin - 
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A + B 



B 



B 



A + B 



B 



The neinaiuiug aidcj y, is found by the pi-oportion stated 
above. 

5, The three sides of a spherical triangle being given^ to find 
the angles — 

Let be the angle sought in the first instance. Thea 



cos C = 



cos y — cos s ' cos j3 _ 
sin Bt * sill ^ ' 



or otherwise — 



cos 



Let ff = —'^ denote the half sum of the sides; 

2 V siti « ' sin 3 ^ j y sin « ' sin jS 



COB -y is best when ^ approaches a ngh tangle; sin ^ when j. ia small. 

These formiiliB will serve alike to compute an]r angle. If it is 
desii'ed to express the angle e^o tight by A or by B, the following 
substitutions are to be mutle in the formulee : — 

For the following yjmbols in the formid® for Oj.,. « ^ y 

Substitute respectively in the foimulfle for A,... y ot 

— ^^ — — for B,.*. y » /3 

6. In a right-angled spherical triangle, the right angle and anj 
two other parts being given, to find the remaining parts — 
Let C be the right angle, and y the side oppt>aite to it. 

Case L Two aides being given, the third is found by the 
equation — 

cos « ' COS /3 = cos y; 
and the oblique angles by the equations — 

cos A = cotan y * tan jS; cos B ^ cotan y * tan «; 
or by the equations — 

cotan A = cotan at * sin ^; cotan B = cotan j8 ^ sin *, 

Case IL Given, a side (*) and the opposite angle (A). Find 
the side ^ by the formula — 

sin *3 = tan « ' cotan A; 

then find y and E as in Case I. 




\ 
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Case III. Given, a side («) and the adjacent angle (B). Find 
the side y by the formula — 

cotan y = cos A * cotan /3; 
then find « and B as in Case I. 

Case IV. Given, two angles, A, B — 

cos A - cos B J. A . T> 

cos » = -; — rr; COS fi = -. — r- j COS y = cotan A • cotan B. 
sm B sm A 

VI. Approximate Solutions of SpJierical Triangles, used in 
THgonoTnetrical Surveying, 

1. Given, in a triangle on the earth's surface the length of one 
side, c, and the adjacent angles, A, B j to find approximately the 
third angle, C. 

Calculate the approximate area of the triangle, as if it were 
plane. From that area calculate the "spherical excess," X. Theu 

C = 180'' + X - A - B. 

2. To find approximately the remaining sides, a, 6, of the same 
triangle. Let «, /S, y be the angles subtended by the sides. 

From each of the angles subtract one-third of the spherical 
excess, and then treat the triangle as if it were plane. That is to 
say--~> 



sm I 



(«-?)' " -"(0-?)' 



Problem Third. — Given, in a triangle on the earth's surface, 
two sides, a, 6, and the included angle, C, to find the remaining 
side, c, and angles. A, B. 

Compute the approximate area as if the triangle were plane; 
thence compute the spherical excess, X, and deduct one-third of it 
from the given angle. Then consider the triangle as a plane 
triangle, in which are given the two sides a, b, and the included 

X 

angle C'= C — -5-, and find the third side, c, and the remaining 
o 

angles, A', B'. Then for the remaining angles of the real spherical 

triangle, take 



S9 



Table 6. — Ahgs, Sines, and Tangents, fob eveey Decree 

FBOM 1° TO m\ 



Explanation. 

1, The table gives arcs and their complemeuts in circular 
measure, sines u,nd cosinesij tangents and cotangents, for every 
whole de^iMJ, correct to five places of decimals. 

2, Arcs containing fractions of a degree may be found either 
by the aid of Table 4, Divisions I and L, or by multiplying the 
fractional part by "01 745, and additjg the product to the arc 
i^orresponding to the whole number of degrees. 

3, For finding the Bines^ iS^c, of angles containing fractioes of a 
degree, the following process m correct to the following nnmbeTS of 
places of decimals ; — 

For sines and tangents of angles between 0^ and 6*^, ) T fi 
For cosines and cotanei^nta of angles between 84"^ > i 
«nd90", ,Jpkce«; 

For sines of angles between 6"^ and 9Q^j. 

For cosines of angles between 0' and 84°, | To four 

For tangents of angles between 0^ and 30'',* 



For cotanK€>iita of angles between id" and 60" 



places; 



For tangents of angles between 30^ and 45*, ) To three 

For cotangents of angles between 45^* and 90^ , J places. 

Multiply the fraction of a degree by the difference between the 
values of the quantity to be found for the next lower and next 
higher whole numhei-a of degrees, and add the product to the valuo 
fur the next lower whole number of degrees* 

Example.— Required the sine of SO"* ^0' ^ 30° J. 

Sine of 30^.... .-50000 

Sine of 3r, .„...., ...,. -51504 

Difference^ -01504 

_Jii 

-00501 

Add sine of 30^,. .. -50000 

Sin 30°^, correct to four places of decimals, -oOoOl 
4. The stiw or codne of an angle containing a fraction of a degree 
may be fonnd correct to five places of decimals, when required, as 
follows : — Find a first approximation to the sine or cosine by the 
preoeding rule. Then multiply together the given fraction of a 
degree, the difference between that fraction and unity, the fraction 
^0015j and the approximate sine or cosine already found; 

V 
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product will be a correction, to be added to the approximate sine 
or cosine for a more exact value. 

Example. — Eequired the sine of 30**J, correct to five places of 
decimals. 

First approximation , as already found, *50501 

Correction to be added, i x | x 00015 x -50501 = 000017 

Sum -605827 
80 that the sine required, to five places of decimalsy is *50503. 

Cobbection-Eactobs, to Multiply Approximate Sikbs aitd 
Cosines. 
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BULE3 FOR THE MENSTJEATIOK OF FIGTIHEa 



Section I, — Plane Areas. 

1. ParAlt«i<iitratii. Rule A. — Multiply the length of one of the 
sides bj the perpendicuhir distance betwi^en tlmt sida aud the 
opposite Ride. 

Rule B, — Multiply together the lengths of two adjacent aid est 
and the sine of the angle which they make with each other. 
(Whea the parallelogram is right-angled, that sine is - 1.) 

2. Trapezaid (or four-aided tigtii*e bounded by a pair of paralkd 
irtinight liue.s, and a pair of ati'aight lines not parallel). Multiply 
the half sum of the two parallel sidea by the jierpendicular distatt<Mi 
between them- 

3* Triangle, RuLE A. — Multiply the length of any one of the 
sides by onedialf of its perpendicular distance irom the opposite 
angle. 

Rule B. — Mol tidily one*half of the product of any two of the 
Kides by the sine of the angle between them. 

Rule C. — Multiply together the following four quantities : the 
half sum of the three sideSj and the three remainders left after 
subtrd^tiag each of the three sides from that hall' gum ; extract the 
square root of the quotient ; that root will be the area reqviired. 

Note. — Any po^^ygon maybe meai^nred by dividing it into tri- 
SJi^es, measuriJig those triangles, and adding their areas ttigether. 

4, Pni'aiioUc fi'jifnrcs of the Tfatrd Uc^i^ee.— The parabolic figures 
to which the followmg rules apply are of the foUowiiig kind (see 
figs, I and %) One boundary is a atiuiglit line, A X, called the 
base or as^s; two other boundaries are 
either points iu that line, or straight jr^ 
lines at right angles to it, such as 
A B and X G, called wdmateii; and 
the fourth boundary is a curve, B C, _ 
of the parabolic dai^Hf and of the tMrd ^ ^ ^ 

degree; that is, a curve whose ordinate ^^ ^* " 

(or perpendicular distance from the base A X) at any pnint la 
expretised by what is called an aJgehraical function of tite third 
degree of the abscma (or distance of that ordinate from a fixed 
point iu the bLLse). An algebraical function of the third degree 0* 
qaantity consists of terms not exceeding four in number, of wh 
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one may be constant, and the rest must be proportional to powers 
of that quantity not higher than the cube. 

KuLE A. — Divide the base, as in ^g. 2, into two equal parts 
or intervals; measure the endmosb ordinates, A B and X 0, and 
the middle ordinate (which is dotted in the figure) at the point of 
division; add together the endmost ordinates And /our times the 
middle ordinate, and divide the sum by six; the quotient will be 
the mean breadth of the figure, which, being multiplied by the 
length of the base, A X, will give the area. 

BuLE B. — Divide the base, as in fig. 2, into three equal intervals; 
measure the endmost ordinates, A B and X C, and the two inter- 
mediate ordinates (which are dotted) at the points of division ; add 
together the endmost ordinates and three times each of the inteiv 
mediate ordinates; divide the sum by eiglU; the quotient will be 
the mean breadth of the figure, which, being multiplied by the 
length of the base, A X, will give the area. 

In applying either of those rules to figures whose curved 
boundaries meet the base at one or both ends, the ordinate at each 
such point of meeting is to be made = 0. 

5. Any Plane Arra.— Draw an axis or base-line, AX, in a con- 
venient position. The most convenient position is 
usually parallel to the greatest length of the area to 
be measured. Divide the length of the figure into a 
convenient number of equal intervals, and measure 
breadths in a direction perpendicular to the axis at 
the two ends of that length, and at the points of 
division, which breadths will, of course, be one moi'e 
in number than the intervals. (For example, in fig. 
3, the length of the figure is divided into ten equal 
intervals, and eleven breadths are measured at 6^, 6^ 
&c.) Then the following rules are exact, if the sides 
of the figure are bounded by straight lines, and by 
parabolic curves not exceeding the third degree, and 
are approximate for boundaries of any other figures. 
Fig. 3. Rule A. {" Simpson* s First Ride,* to be used 

when the number of intervals is even.) — Add together 
the two endmost breadths, tv:ice every second intermediate breadth, 
andybwr tim^s each of the remaining intermediate breadths; mul- 
tiply the sum by the common interval between the breadths, and 
divide by 3 ; the result will be the area required. 

For two intervals the multipliers for the breadths are 1, 4, 1 
(as in Rule A of the preceding Article); for four intervals, 
1, 4, 2, 4, 1 ; for six intervals, 1, 4, 2, 4, 2, 4, 1 ; and so on. These 
are called "Simpson's Multipliers." 

ExAMPLE.--Length, 120 feet, divided into six intervals of 20 
feet each. 




ftocj Doclm^la. Multipliers l^Mucta, 

17-28 ....1 J7'28 

16-40 .....4 ,65*60 

14-08 2 3816 

10 80 ,„..„...,4„,, 4320 

7*04,.,. .„.„., .3 ,.J4 08 

3-28: ..4 13 12 

1 ,>».... ,> 0-00 

Sum, 18144 
X CoDimou interval; 20 faeiL 

•^ 3) 5628 -8 
Area required, 1209^6 square feet 

KuuB B, {*'Simps(m*8 Second Ride^^ to be used when the 
number of intervals ia 8, multiple of 3.) — Add together the two 
etidtnost breadths, twice every third intermediate breadth^ and 
thrice each of the remaining intennediate breadths ; multiply the 
sum by the com moo interval between the bread tha, and by 3; 
divide the product by 8 ; the result will be the area i-equired. 

^'^Simpaoii's multipliera" in thia case are, for three intervaLs, 
1, 3, 3, 1 ; for six intervals, 1, 3, 3, 2, 3, 3, 1 ; for nine intervals, 
1, 3, 3, 2, 3, 3, 2j 3, 3, 1 ; and ao oil 

ExASiFLE. — Lengthj 120 feet, divided into mx intervak of 20 
feet eack 

Breo^tlu !n Feat Shnpnoo's ti^i^j .*.»*. 

And Declmmik MuldpUara. Frodue^a 

17-28 „., 1.,-. , 17-28 

16-40.,. 3 49-20 

14 08„ , „.„3 ....,,..43-24 

10'80 2 „... 21-00 

704.»,.. 3 .„.„.21 12 

3-28,.. 3 984 

_„ .„..,„! 0-0 

Sum, 1 til '28 

X Common interval, 20 feet 

3225-6 
X 3 
^8 )9676-8 
Area required, 12U9*6 square feet 

Kemarks. — The preceding examples are taken fi-ora a parabolic 
figure of the third degree, for which both Simpson*@ Hules are 
eicact ; and the raaulta of using them agree together precisely. ^9^^^^ 
other figure3| for which the rules are approximate only, the ifl^^^^f 

m 
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nile is in general somewhat more accurate than the second, and is 
therefore to be used unless there is some special reason for pie- 
ferring the second. 

The probable extent of error in applying Simpson's First Rule 
to a given figure is, in most cases, nearly proportional to the fourth 
power of the length of an interval. 

The errors are greatest where the boundaries of the figure are 
most curved, and where they are nearly perpendicular to the axis. 
In such positions of a figure the erroi-s may be diminished by sub- 
dividing the axis into smaller intervals. 

Rule C. (" MerrifieUTa TrapezoidaL Rule^^ for calculating sepa- 
rately the areas of the parts into which a figure is subdivided by 
its equidistant ordinates or breadths.) — Write down the breadths 
in their order. Then take the differencea of the successive breadths, 
distinguishing them into positive and negative according as the 
breadths are increasing or diminishing, and write them opposite 
the intervals between the breadths. Then take the dififerences 
of those differences, or second differences, and write them opposite 
the intervals between the fii*st differences, distinguishing them into 
positive and negative according to the following principles : — 



First Differencea Second Differenco. 

Positive increasing, or ) ^ Positive. 

Negative diminishing, J 

Negative increasiog, or ) Necrative 

Positive diminishing, J *=> 



In the column of second differences there will now be two blanks 
opposite the two endmost breadths ; those blanks ai-e to be filled up 
with numbers each forming an arithmetical progression with the 
two adjoining second differences, if these are unequal, or equal to 
them, if they are equal. 

Divide each second difference by 12; this gives a correction, 
which is to be subtracted from the breadth opi>osite it if the second 
difference is positive, and added to that breadth if the second 
difference is negative. 

Then to find the area of the division of the figure contained 
between a given pair of ordinates or breadths; multiply i^ie half 
sum of Hie corrected breadths by the interval betioeen them. 

The area of the whole figure may be formed either by adding 
together the areas of all its divisions, or by adding together the 
halves of the endmost corrected breadths, and the whole of the 
intermediate breadths, and multiplying the sum by the common 
interval 

ExAMPLK — Length, 120 feet, divided into six intervals of 20 feet 



MENSURATION OP AREAS. C7 



BreadUisln 
Feet and 
DedmalB. 


First 
DUTerenoea 


Second 
Difference& 


Corrections. 


Corrected Areas of 
Breadths. Divisions. 

Feet Sq. Feet 


17-28 




(— 1-92) 


+ o-i6 


1744 ) 

\ 339'6 
16-52 

i 3068 
14-16 1 

• 250-0 
10-84 

178-8 
7-04 

V I02-8 

3-24 

31-6 
— o-o8 ^ 




— 0-88 






16-40 




— 1*44 


+ 0-12 




— 2 32 






1408 




— 0-96 


+ o-o8 




— 328 






10-80 




— 0-48 


+ 0-04 




— 37<5 






7-04 












— 3-7<5 






3-28 




+ 0-48 


— 0-04 




— 328 











(+ 0-96) 


— o-o8 



Total area, squaa*e feet, 1209-6 

The second differences enclosed in parentheses at the top and 
bottom of the column are those filled in by making them form an 
arithmeticar progression with the second differences adjoining them. 
The last corrected breadth in the present example is negative, 
and is therefore subtracted instead of added in the ensuing com- 
putation. 

E.ULE D. — ("ConiTnon Trapezoidal Rule,^ to be used when a 
rough approximation is sufficient.) Add together the halves of the 
endmost bi-eadths^ and the whole of the intermediate breadths, and 
multiply the sum by the common interval. » 

Example. — The same as before. 

Feet 

Half breadth at one end. 17-28 -t- 2 = 8-G4 

16-40 

14-08 

10-80 

7-04 

3-28 

Half breadth at the other end, . .0 

60^24 
X Common interval, . 20 

Approximate area, .... 1204-8 square feet. 
True area as before computed, . . 1209-6 

Error J — 4-8 square feet. 

6. Circle. — ^The area of a circle is equal to its circumferenr 
multiplied by one-fourth of its diameter, and therefore to the squi 
of the diameter multiplied by one-fourth of the ratio of the circu 



Intermediate breadths, 



NUHBEB8 AND FIOUBES. 



Errors in Fractions of the 
Circle, about 



ference to the diameter. The ratio of the area of a circle to the 

square of its diameter (which ratio is denoted hj the symbol ^l 

is incommensurahle; that is, not expressible exactly in figures; but 
it can be found approximately, to any required degree of precism 
Its value has been computed to 250 places of decimals; but tbe 
following approximations are close enough for most purposes^ 
scientific or practical : — 

Approximate Valnes of ^ • 

•7853981634 - + one-300,000,000,000th. 

•785398 + -one-5,000,000th. 

•7854 - +one-400,000th. 

355 

. rro - +one-13,000,000th. 

4 X 113 ' ' 

11 _ 

14 

Tables 4 and 5 contain examples of the results of such calcolatioiu. 
The diameter of a circle equal in a/tea to a given square is veiy 
nearly 1*12838 x the side of the square. The following table gives 
examples of this : — 

Table 4 n. — Multipliers fob OoNVEBTnra 



.+one-2,500tL 



Sides of Squares into 
Diameters of 
Equal Circles. 



Diameters of Oiroles 

into Sides of 

Equal Squares. 



I 
2 
3 

4 
5 
6 

7 
8 

9 

lO 

7. The area of 




area of the sector. 
4 and 6.) 



I-I2838 0-88623 I 

2-25676 1-77245 a 

3-38514 2-65868 3 

4-51352 3-54491 4 

5-64190 4-43"3 5 

6-77028 5-31736 6 

7*89866 6-20359 7 

9-02704 7-08981 ^ 8 

10-15542 7-97604 9 

11-28380 8-86227 10 

a Circular Sector (O A C B, fig. 4) is the 88100 
fraction of the whole circle that the 
angle A O B of the sector is of a whole 
revolution. In other words, mnltiplj 
half the equarre o/tJis radius, or one-eigh& 
of ike squa/re of the diamekr^ by the 
circular measure (to radius unity) of tlie 
angle A O B; the product will be the 



(For circular measures of angles, see TaUei 
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8, A circutBi- ik^|[t«i^Bt (A D E C, fig, 4) ia equal to the sector 
O A E less tlie triangle O A E. Hence, from the circular 
nieasure of the angle A O B subtract its sine ; multiply the re- 
mainder by half the square of the radius; the product will be the 
4irea of the segment 

9, circniiir spnuiiritB. Case L — Spandril ACE, bounded bj 
the ai-c A C, the tangent C E, and the external secant A E. Fromi 
the tangient of the angle A O C subti^act the circular measure of 
that angles multiply the remainder by half the square of the 
fsdius; the product will be the area. 

Case I L— -Spandril A C F^ bounded by the arc A C, the tangent 
E, and the straight line A F perjiendicular to C F, From twice 
the sine of the angle A O C subtract the circular measure of that 
angle, and half the sine of double the angle ; multiply the remainder 
by half the square of the radiuii; the product will he the area. 

10, £mp«e. Case I. — -Given (in fig. 5), the two axea, A O <i^ 
B O 6. Multiply the lengths of those axes together, and their pro- 

duct by T * (See Article 6 of this section.) 

Case II. — Given, a pair of conjugate 
diameteiT?, C O c, B ^ (that is, a 
pair of diaraetere each of which is par- 
allel to the tangents at the ends of the 
other). From one end of one of those 
diameters (as D) let fall D E perpen- 
dicular to the other diameter, C c?; multiply Cc by twice D E, 

and the product by j; or otherwise— multiply together the given 

conjugate diameters, and their product by the ane of the angle 

between them, and by j, 

IL Elliptic ^ctara «uid fiegmenl*.— In fig. 6^ let A^ B, be 

the greater and lesser serai-axes of an ellipse, 
A C D B a quadrant of that ellipse, C D an 
elliptic sector, and D an eUijitie segment. 
About O with the radius O A describe the 
circular quadmnt Aedb; through C and D 
dj:aw C c and D d parallel to B, cutting the 
cirele in c and d, Join OCiOdjCd Then 
as OA 
:ia to OB 

;: so is the circular j^^^^^^^ ^ 
< ( or segment e a 



Fig. 5, 



1 to the elliptic 



sector C I> 
; or segment C D. 



Fig. 6, 



i 
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FJg. 7. 



12. n7P«vb*Uc Sector.— In fig 7, let the straight lines O X, 07, 
be the asymptotes of a hyperbola; A and £ two points in that 

hyperbola, and O A B a hypethtiic 
sectary whose area is reqairod. A 
characteristic property of the hy- 
perbola is the following: that if 
from any point in it, aaoh as A or 
B, there be drawn straight linei 
parallel to the asymptotes^ so as 
to enclose a parallelogram, snchafl 
O C A£ or O D B F, the ateuof 
all such parallelogramB shall be 
equal for a given hyperbola. Lei 
the common area of them all fertile 
given hyperbola be called the nuxhUtis; then the area of the sector 
A O B is equal to the modulus multiplied by the hyperbolic log- 

arithm of the ratio g-j^ = -^j,. (For hyperbolic logarithms, see 

Tables 3 and 3 A.) The areas ACDBandAEFB are each <f 
them equal to the sector A O B. 

13. BTaraioBic Carre (see fig. 8). Case I. Single Harmom 
Cwrve, — Let A B be the base and O C the height of a harmonio 

curve, O being the 
^~ middle of the baea 

The ordinate XT, at 
any point, X, in the 
base, is equal to 
multiplied by the 
cosine of an angle 
bearing the same proportion to two right-angles that O X bears to 

A B. Then the area A C B is equal toABxOCx- The 

2 
approximate value of -, correct to about one-2,000,000th, is 63662. 

Case II. Double llamumie Curve, or Curve of Versed Sines,— 
Let the harmonic curve be continued to D and E as far below A B 
as C is above that line ; the arcs A D and B E being similar to 
A C and B C, but inverted ; so that the new base D E is twice the 
length of A B, and is a tangent to the curve at D and E; and the 
new height F C is twice O C. Then the area D C E = D E x 

FCx|. 

14. Trochoid, or Rolling Ware-line (see fig. 9).-^Let a circular 
disc, H, roll along a straight line, E F; then a tracing point fixed 
in the rolling disc traces a trochoid, of which A C B is one wave^ 
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extending from oTie of the loweat positioni of tEe tracing-point to 

the next, htt the base of thtj li^re to be mBasuied be the straight 

line, A Bj touching tlie .,.^ '^* n- 

trochoid at A and B; /^ c 

then the length of that 

base is equal to the 

circumference of the 

rolling circle, H; and 

the extreme breadth of 

the figure, C D, is twice the tracing radius, or distance of the 

traeing- point from tlie centre of the rolling circle. 

To find the area, A C B ; multiply the liasfe^ A B^ by the tracing 
i^dius, ^ C D, and to the product add the area of the circle 
deficribed on C D as a diameter. 

15, GHteimiTf or Chain- curve*— See Section lY,, further on* 
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Section IL — Cylinbrical^ Conical^ Ain> Spherical Areasi 

L Criindcr.^The curved surface of a cylinder is measured by 
multiplying ita circumference by its length* 

2, Coot,— The cni'\'ed aurface of a right cone is greater than 
the area of itR circular base, in the tsame proportion in m*hich tlie 
Wanting side of the cone is longer than the radius of its base, 

*X »i»hcre.— The surface of a sphere is equal to the curved surface 
of the circumscribed cylinder — that is, to the diameter of the sphere 
niultiplied by its circumfereuce, or to four timc^ the area of a great 
circle of the sphere. 

4. (SpbcHcai zonu siid Sifyiii*iii«,— The area of a zone or belt, 
or of a segment of a sphere j is equal to that of a zone of equal 
height on the curved surface of the circumacrihed cylinder* In 
other woitJs, multiply the height of the zone or segment by the 
circumference of a great cii-cle of the sphere, 

Thusj in tig, 10, BAG is a hemisphere; B B E C, a circuni' 
scribed cylinder ; O A, the axis of 
that cylinder ; F K, a plane per- 
]>endicular to that axis, cutting 
it in H, and cutting the sphere 
in the small circle I J, Then 
I A J is a segment of the sphere ; 
and its ai'ea ia equal to that of 
the cylindrical belt F D E K, or 
to the circumference of the sphere 
sf A H ; and B I J C is a zone 
or belt of the sphere, whose area 
is equal to that of the cylindrical belt B F K C, or to the cir^ 
cuml'erence of the sphere x H 0, 



th 
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5. Spherical Triangle.— As a complete revolution (or four righi- 
angles) 

: is to the spherical excess (see Trigonometrical Bules, 
Division V.), 
: : so is the surface of the hemisphere 
: to the area of the triangle. 

Section III. — VoLUHEg. 

1. Any Prism or CjUuder with Plaae Parallel Biida. RULE A. — 

Measure the sectional area of the prism or cylinder upon a plane 
perpendicular to its axis; multiply that area by the length;* the 
product will be the volume. 

BuLE B. — Multiply the area of either end by the perpendicular 
distance between the planes of the ends. 

2. Bectangnlar Prism* with Plaae Bad* aet Parallel. — Measuie 
the sectional area on a plane perpendicular to the axis; multiply it 
by the half-sum of the lengths measured along a pair of opposite 
edges. 

3. Triaagalar Prism, with Plaae Bads aol Parallels— Measure 
the sectional area on a plane at right angles to the axis; multiply 
by the third part of the sum of the lengths of the three edges. 

4. Rectaagalar Prism with Cnrred Bads (<' WooUey's Eule'*). — Add 

together the lengths along the middles of the four fistces of the 
prism, and twice the length along the axis, and divide the sum by 
six, for the mean length; multiply the mean length by the sec- 
tional area measured on a plane perpendicular to the axis. 

This rule is exact when the ends of the prism are curved surfaces, 
of a degree not exceeding the third, and approximate for othw 
curved surfaces. 

5. Aay Solid. METHOD I. By LcM/ers, — Choose a straight axis in 
any convenient position. (The most convenient is usually parallel 
to the greatest length of the solid.) Divide the whole length of 
the solid, as marked on the axis, into a convenient number of equal 
intervals, and measure the sectional area of the solid upon a series 
of i)lanes crossing the axis at right angles at the two ends and at 
the points of division. Then treat those areas as if they were the 
breadths of a plane figure, applying to them Rule A, !B, or C, oi 
Section I., Article 5 ; and the result of the calculation will be the 
volume required. If Rule is used, the volume will be obtained 
in separate layers. 

This method is exact when the sectional area is an algebraical 
function of the distance along the axis of a degree not higher than 
the third. Some of the figures which fulfil that con£tion are 
specified further on. For other figures the method is approximate 
only. 
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"Mm'hod II, B^ Prisnis or Columns (" WooUm/s Rule"). — Assume 
a plane in a couvement position as a base, divide it into a ntttwork 
of equal rectangular diviaionB, and conceive the solid to be bnilt of 
a set of rectangnlar prismatic columns^ having these rectangular 
divisions for their sectional areas, Meaaiire the thickness of the 
Bolid at the cefMre and at the Ttiiddls of mch of tim sides of each of 
tiioae rectangular columns; calculate the voliime of e^ch column 
bj the rule of Section II I. ^ Article 4, and take the sum of those 
Tolnmea 

Or otherwise, to calculate the volnme of the solid at one 
operation — -add together the doubles of all the thick neaaea before- 
mentioned, which ate in the interior of the solid, and the aimple 
thicknesses wMch are at its boundaries; divide the snni bj ^x, and 
multiply by the area of one rectangular division of the base* 

6. Cone or Prroiiiid,— Multiply the area of the base by oue- third 
of the heigh tj measured perpendicularly to the plane of the 
base. 

7. »pliei« mnd Elltp«ild« RuLE A, — Multiply the area of a 
diametral section (found by Section I., Article 6, for a circle, or by 
Section I.j Article 10, for an ellipse) by two-thirds of the height 
meflMired perpendicularly to the plane of that section. 

Rule B, — Multiply together the three axes of an ellipsoid {or 
take the cube of the diameter of a sphere); then multiply by the 

factor g. 

Appwitaate Yftlnea of |. Errora, abmil 

0'533598775S - + one-300,000,000,000th. 

0*623599 -^ ,.„ + one-2,300,000th, 

0-5236- „„. + one-400,000th, 

^ ^^iT^ - ' > » + one-l 3,000,000th. 

6x113 

377 

,^- ,. ...+one-40,000th. 

gy- , „ ., + one-2,500th. 

8. FntBtutn — Prifliiiold — Splicrtcal and XllUpttaidal ScgmenlA and 

»»iiefc— The foil owing rule is applicable to 

A frustum, or part cut off from a cone or pyramid by a plane 
parallel to the base (fig* 11); 

A prismoid, or solid bounded by two pamllel qnadrangnlar ends 
(E F L K, C D I Hj fig. 12) and four plane faces, paraUol or not 
(C F L H, H L K I, I K E B, D E F C); 

A segment cut off by one plane, or a zone cut out by a pair of 
pamHel planes, firom a sphere or an ellipaoid (fig. 13) ; 
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And generally, to any solid bounded endwise by a pair of parallel 
planes, and sideways by a conical^ spherical, or ellipsoidal suif ace, or 
by any number of planes. 




Fig. 11. 



Fig. 1% 
To the areas of the ends add four times the area of a cross 
section made by a plane midway between and parallel to the 
ends; divide the sum by six for the mean 
section, which multiply by the length A X 
measured perpendicular to the planes of the 
ends. 

9. Spherical Cone (O I A J, fig. 10).— 
Find by Section 11. , Article 4, the area of the 
segment I A J, which is the base of the 
cone; multiply that area by one-third of the 
radius of the sphere. 




g. 13. 



Section IV. — Lengths op Curves, 



The measurement of the lengths of curves is called rectification, 
1. Any Cnrre. RuLE A By Chords, — Let A B (fig. 14) be 

the curved line whose length is to be measured. Divide it into 

any even number of intervals, 
equal or unequal, by points (sach 
as 1, 2, 3), measure the series of 
straight chords (such as A 1, 1 2, 
2 3, 3 B), which span those in- 
tervals, and take the sum of 
their lengths; measure also tiie 
straight chords (such as A 2, 2 B) 
which span the intervals by pairs^ 

and take the sum of their lengths; to the first sum add one-third 




Fig. U. 



tlSPrGTHS OF CURVED LINUS, 



of til e differenoe between it and the second sum; the result will he 
\ the Hpj>i"oxiiuate length of the curve. 

EuLE Bl -Bi/ Chords and Tangents. — Divide the curve into 
I any number of intervals, equiil or unequal, by points (auck i^s 2 iu 

tig. 14). At the end^ and points of diviBion draw straight tangents 
' (such as A Tj, T^ T^, T^ B)^ stopi>ing at their tii-at intersections with 

each other. Meai^ure tne total length of thoiie tiin gents, and also 
' the total length of the straight chords (such as A 2, 2 B). To the 
\ total length of the tangents add timce the total length of the chords, 
^ and divide the sum % ^; the quotient will be the approximate 

length required. 

Rule C. By TangmU. — Let A B (fig. 15) be the curved line 

to be measured Through its two end^^ A and E, draw a pair of 

parallel lines in any convenient direction (hut the more nearly that 

direction is perpendicular to 

a stniight line from A to B 

the more accurate will the 

result be). Divide the dis- 

tancf^ between those parallel 

lines into an even number of 

tqwtl intervals, by means of 

intermediate parallel lines, 

cutting the curve in inter- 
mediate points, such as 1, 

2, 3. At each of these iu- 

termediate point'?, and also 

at the ends of the curve, 

draw straight tangents ex- 
tending tlie whole way from 

one of the outer parHllel 

lines to the other {as A T^, 

Multiply the lengths of 

tl lose tangeu ta i n th eir order Fig. 1 5 . 

by "Sinipson's Multiplieni'* 

(as in Section T., Article 5, Rule A) ; add together the products, 

and divide their num by the s\im of the multipliei^sj the quotient 

will be the appi'oxhnate length required. 

Heharil — The errors of the three preceding rules vaiy nearly m 
the fourth jKnver of the angidar inter vcdf or angle made by the 
tangents at the two ends of an interval i hence the hrigiJiS of the 
intervals should be made least where the curvature is most rapid, so 
that the angidai' intervals may be nearly equal. The following are 
the proportionate errors in applying the roles to circular areas 
with angular intervals of W^ ^ -h meaning too great, and - too 
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R'ile A. Eiror about - oiie-6,500tlL 

» fi. „ -f oiie-4,000tfa. 

„ C, . + one-250tlL 

With half the angolar interval, the erron are ledooed in each case 
to one-sixteenth. 

Rule D. Far Am of Small Cunvftcm— In fig. 16, let A B be 
the arc to be measored. Draw a 
^ tangent, A C D, and the chord A B; 
from B draw B C perpendicular to the 
j \ tangent, and B D perpendicnlar to the 

Fig. 16. chord; then A C + 3 C D is approxi- 

mately equal to the length of the arc 

For a circular arc of 30" the error of this rule is about + one- 
l,600tb; and it varies nearly as the fourth power of the angular 
interval 

EuLE K From a given Point, to set off a given Distance along 
a Curved Line, — ^Take any conTenient aliquot part of the given 
distance in the compasses, and make them step along the curve, 
from the given point, to find ajirsl approximation to the other end 
of the given distance. Then take Xalf that aliquot part in the 
compasses, and make them step along the curve to find a second 
approximation. Those two approximate points will both be too 
fiir off. Take one-third of the distance between them, and set it 
off backwards from the second approximate point for the final 
approximation. The errors are the same with those of Rule A 
BuLE F. To reduce a "Boiled Curve" to an equal Circular 

Arc. — ^Let I) E be a base 

^ line of any figure, upon 

3^^.^ \ "^^ which a disc of any figure 

ii^^^^^\\ \ rolls; a point, B, in that 

^ * ^^ I disc traces a "rolled 

curve,** F B H. The 
rolling radius at any 

instant is the distance^ 

" ^ •" B A, from the tradng- 

^'^- ^^- point, B, to the point of 

contact. A, of the disc and base line, and is everywhere perpen- 
dicular to the rolled curve. 

Divide the whole angle through which the disc turns in describing 
tli(i given curve by rolling, into an even number of angular inter- 
vuIh, corrospouding to an odd number of intermediate positions 
of the disc; measure the rolling radii corresponding to those 
iiitorinodiato positions, and to the endmost positions. Multiply 
the scries of rolling radii by the multipliers in Simpson's first ime 




(Sect: on L, Article 5, Kule A) ; add together the products ; divide 
their Bum by the Bum of the multipliei-s; the quotient will b© the 
ftiean roUtTiff radius. Then with the mean rolllug radius describe 
a circular arc subtending an angle equal to the total angle througii 
which the disc turns in rolling; that arc wHl be nearly equal in 
length to the given rolled curve. 

Instances of the application of- this to particular cases whH be 
given in Article 3 of this Section, Bule 0, and in Articles 4 and 5, 

2* Circle^— The incommensurable lutio of the circumfereiice of a 
circle to its diameter is denoted bj -r. The following are approxi' 
mations to its value, of vaj-ious degi'ees of accuracy : — 

Approiimnta Yiilae of w. ^rror, «l)Oa( 

3^415926536- ..., + one-SO 0,0 00,000, 000th. 

3-H1593-. .,„ ,,...+ one-9,000,00Utk 

3-1416- +one^400,000th. 

— -. ,. +one^l3,000,000th. 

377 

™-*.. + one-40,000th- 

iTTT* + -one-13,000ili. 

S3 

y- .., , , «„..+one-V00th. 



Far Uie approximate value of v to 250 places of decimals^ eee 
Bierena de Ha^n on DefiiiU^ hUsgrah, 

For particular results, see Table 5. 

3» A CircHinr Arc niaj be Measured by any of the general rules 
in Article I of this Section; also by the following special rules: — 
Rui^ A. By Calctdalum. — ^Multipiy w by the ratio which the arc 
bears to a whole circle. 

Rule E. % CmiMtrudioTu — In fig. 18 let C be the centre of 
the circle, and AB the arc to b© 
measured. Draw the tangent A ^,_ „ 
E jjerpendicular to A C, Produce 
A C to D, making A D - 3 A G. 
Draw the straight line D B E, 
cutting the tangent in E, Then 
the straight line A E k nearly pig. ig^ 

equal %o the are A B, 

The result of this rule, for an arc of 30^, is too small by about 
one-2j300th ; and tbe eiTor varies nearly as the fourth power of the 
angle aubti^nded by the arc. By subdividing an are, this rule may 
be made to measure it with any required degree of accuracy. 
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• Rule C. To Construct a Circular Arc nearly equal to a given 
Straight Line, and subtending a given Angle. — In fig. 19 let P Q be 
the given straight line. Construct the tmangle P Q R, in which 

Q is a right angle and P 
It,, ^,^ — ^^^^ the complement of the 

given angle; so that R 
is the given angle itself. 
Bisect the hypothenuse, 
P R, in S, about which 
point deaeribe a circular 
arc traversing P and Q. 
Divide that arc into an 
even number of equal 
intervals; measure the 
distances from its two ends and from the points of division to the 
point R; multiply those distances in their order by Simpspn^s 
Multipliers (Section I., Article 5, Rule A); divide the sum of the 
products by the sum of the multipliers ; the quotient will be the 
radius R T, with which is to be described the arc T XJ, subtending 
the angle P R Q, and approximately equal to the straight line 
PQ. 

The error of this rule is about + one-2,500th for angular inter- 
vals of 30"^; and it diminishes somewhat faster than the fourth 
power of the interval. 

4^ elliptic Arc. — To construct a circular arc approximately equal 

to a given arc, C D, fig. 20, not 
exceeding a quadrant of an 
ellipse whose semi-axes O A 
and O B are given. 

In Gg, 21 di-aw a straight 
line, in which take E P = O B 
and F G = O A. Bisect it in 
H ; and about that point, with 
the radius H F = H K = 

O A - O B , ., 

^ > describe a circle. 

Mark the points c and d in 
that circle, by laying oft Ec = 
OCandEe^= OD. 

Then divide the arc c d into 




Fig. 20. 



an even number of equal intervals, as the case may be, and measure 
the distances from the ends of the arc and the points of divisicm 
to G; these will be rolling radii of the ellipse, as generated by 
rolling a circle of the radius E H inside a circle of the radius' 
E G, the tracing-point being at the distance H F from the centre 
of the rolling circle; multiply those rolling radii in their order by 
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Simpson's multipliers (Section I., Article 5, Rule A); divide the 
sum of the products hy the sum of the multipliers] the quotient 
will be the radim of the required circular a/rc 




Fig. 21. 

Then in fig. 20 describe a circle about O with the radius O A ; 
through C and D draw straight lines parallel to O B, cuttiug that 
circle in T and A ; join O F, O A ; and about the centre, O, with 
the mean rolling radius already found, describe the circular arc 
M N, bounded by the straight lines O F, O A ; this will be the 
required cvrcvlar arc approximately equal to the elliptic a/rc C D. 

TJie circular arc may then be measured by the rules of Article 3 
of this Section. 

The following are examples of the errora of this rule, when 
applied to an entire elliptic quadrant divided into two intervals 
only. For greater numbers of intervals, the errors vary inversely 
as the fourth power of the number of intervals, or nearly so : — 

Major Minor T««2i??n««i Apuroximate t3'--««. 

8emi^«xi8 Semi-aalB Ecoentrldty. ^j!?^/^^ Length E^"» 

OA. OB. ^fieSf byBub. + 

I 7071 7071 1-3506 1*3538 -0032 

I '8000 '6000 I '4 184 1*4195 •OCT I 

I -8660 -5000 1*4675 1*4681 '0006 

5. C«am«H Puabola.— In fig. 16 (page 76) let A be the vertex 
of a common parabola, and A £ an arc to be measured, commenc- 
ing at the vertex. 

For a rough approximation, use Rule D of Article 1 of this Sec- 
tion. For purposes of precision, proceed as follows : — 

Draw the tangent at the vertex A C, on which let fall the per- 
pendicular B C, and measure the lengths of those lines. Call A 
the 6a«0, and B C the height. 

To the square of the height add one-fourth of the square of the 
base, and extract the square root of the sum. Call this the sloping 
tangent. 

Divide the square of the base by four times the height. Call this 
the focal distance. 
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To the sloping tangent add the height ; divide the sam bj half 
the base; take the hyperbolic logarithm of the quotient. Multiply 
that logarithm by the focal distance. 

To the product add the sloping tangent; the sum will be the 
required arc.* 

6. Catcnarj.— In fig. 22 the horizontal straight line through O is 
the directrix of the catenary; the 
vertical line O A is its pcurameter, on 
which all its dimensions depend; A 
is the vertexy or lowest point of the 
curve; B another point; X fi a ver- 
tical ordinate from the directrix to 
the point B; O X the correspond- 
ing ahcissa, or horizontal distance 
from O. 

Bulb A — Given, O A and X B; to find the arc A R 
By construction: — On X B as a hypothenuse construct the 
right-angled triangle X T B, making X T = O A; then will 
T B = the arc AB. (T B is a tangent to the curve at R) 
By calculation:-— A B = ^ (X B* - O A*). 
Rule B.— The area 0ABX=0AxarcAB = 2x triangle 
X T B. * 

Bulb C— Given, O A and O X, to find X B and A R 
Divide O X by O A; find the hyperbolic antilogarithm of the 
quotient (see Table 3V^and the reciprocal of that antilogarithm. 

For the ordinate A B, multiply O A by the half-sum of the 
antilogarithm and its reciprocal 

For the arc A B, multiply O A by the half-diflference of the 
same quantities, t 

Addendum to Section I. 

A Piatomeier or Pianimeter is an instrument for measuring 
plane areas on paper. A point is made to travel round the 

♦ In symbols, let A C = «, CB = y,andthearcAB = «. Then 

«= Y(y» + -4;+47-i^yp.iog. — y-^ < 

2 

tin symbols, let A = m; X = a; X B = y; arc A B s s; then 

» = m • hyp. log. ^ . 
m 
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Irfrtmdary of the figure to be measured ; and whea that point has 
i-etunied to the spot from wliich it started, the area eiic4oaed b^r 
the boundary in indicated on one or more graduated drclea. The 
iimpleHt iusitrumeiit of this kind is Amstler's. 

Addendum to Section IY. 

Beetmcailon of Cnrre» by an luBimiuciiu — An instrument for 
rectifying curves on paper consists of a small wheel, milled, and 
sometimes spiked on the rim, aud turning upon a fixed spiodfe 
which han a fine screw thread cut upon it At one end of tlte 
epindle ia a shoulder, to limit the motion of the wheel in that 
direction. 

The wheel being made to be.ar against the shoulderj is placed 
with it*? rim resting on the coraraencement of the curve to be recti- 
fied. It is then made to run along the cur^^e in such a direction 
that, in revolving, it screws itaelf away from the shoulder, Having 
arrived at the farther end of tlie curve, it is lifted, and set down 
ftt a point marked on a straight line; it is then run along the 
itraight line so as to revolve the contra ly way, and screw itself 
back towards the shoulder. When it has returned to the shoulder 
from which it started, its point of contact with the straight line ia 
marked ; and thus is obtained a stmiglit line equal in length to the 
^ven curve. 

Section Y. — Centres of Magnitude. 

By the magnitude of a figure is to be understood its length, area, 
or volume^ according as it is a line, a surface, or a solid. 

The Centre of Magnitude of a figure is a point such that| if the 
figure be divided in aoy way into equal parts, the distance of the 
centre of magnitude of the whole figure tram any given plane is 
the mean of the distances of the centres of magnitude of the several 
equal parts from -that phioe,* 

L Nrmmptricai Finurfi.— If a plane divides a figure into two aym- 
metricid Imlves, the centre of magnitude of the figura is in that 
pkne; if the figure ia sym metrically divided in the like manner 
^ two planes, the centre of magnitude is in the line where these 
pkofes cut each other ; if the figure is syra metrically divided by 
Ifcree [)lanes, the centre of magnitude is their point of intersection ; 
! Wd if a figure lias a cejdre o/Jigure (for example^ a circle, a sphere, 

• He centra of jnagnitude of nn Tuiiformly heavy hrnlj is the same witfe 

'*' r; nf gravity; of which point mention wiU again be made further on, 

rnHncal wo'ment of any figure relativ^ely to a given i>hin© is the 
,■ jf its magnitade into the peipendiGalar distance of its ceotre fram 
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an ellipse, an ellipsoid^ a pamllelogram, &c,), that point is its centre 
of magnitude. 

2. Compound Fignre. — To find the perpendicular distance from a 
given plane of the centre of a compound figure made up of parts 
whose centres are known. Multiply the magnitude of each part 
by the perpendicular distance of its centre from the given plane; 
distinguish the products (or moments) into positive or negative 
according as the centres of the parts lie to one side or to the other 
of the plane; add together, separately, the positive moments and 
the negative moments : take the dilSerence of the two sums, and 
call it positive or negative according as the positive or negative 
sum is the greater; this is the resiUtarU moment of the compound 
figure relatively to the given plane; and its being positive or n^a- 
tive shows at which side of the plane the required centre lies. 
Divide the resultant moment by the magnitude of the compound 
figure; the quotient will be the distance required. . 

The centre of a figure in three dimensions is determined by 
finding its distances from three planes that are not parallel to each 
other. The best position for those planes is perpendicular to eac^ 
other; for example, one horizontal, and the other two cutting eac* 
other at right angles in a vertical line. To determine the centre* 
of a plane figure, its distances from two planes perpendicular to the 
plane of the figure are suflScient. 

3. Compound Figure of Two Parts. — Let a compound figure, 88 
in fig. 23, consist of two parts, and 
let their separate centres, A and B, 
be known. Draw and measure the 
straight line A £; multiply its length 
by the magnitude of either of the 
parts, and divide by the whole magni- 
tude; the quotient will be the distance 
of the centre, C, of the whole figure 
from the centre of the ' other part; 
and C will lie in the straight line 
AB. 

23. [In symbols, let A and B denote 

the magnitudes of the parts, and A + B that of the whole figure; 
then 




Ac = ^:^;Bc = ^:AB.-| 



A + B ' A + B 



4. Compound Figure formed by Subtraction.— From the larger 

figui-e in £g, 24, whose known centre is A, let a part whoae known. 
centre is B' be taken away. Draw and measure the straight Una 
B A . Tbe centre, C, of the remaining figure will lie in B A, pro-. 
duced beyond A To find the distance A C, multiply B A bjr the 
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lagnituda of tlie part taken away, and divide bj the magnitude of 
the retnaiDing figtii'e. 

[In symbols, let A be the magnitude of the origmal figure, 
B that of the part taken away^ and A - B that of the remaiiiing 
tigure. Then 



G A 



~ A"B" J 



5, Wi^an Chaoffed by Sfalflinfl a t>ait>— In fig. 25 let C be the 

«tigmal position uf the centre of a iigure; let the Egure be ehanged 




:*A / 



Bg. 24. 



1%, 25, 



in shape, bnt not in magnitude (fi-om the dotted outline to the 
plain outline), by shifting part of it; and let A be the original 
pofiition, and B the new poaition of the centre of the part shifted. 
Draw and measure the atraigbt line A B Through C draw C D 
parallel to and pointing in the aarae direction with A B; and 
mike 

^ ^ _ A B X magnitude of part shifted ^ 
magmtude of whole figure ' 

B will be the now poaition of the cs^ntre of the figure, 

1 AB|r jpione Arcn,— To fuidj approximately, the centime of any 
(lane area. 

EuLE A. — Let the plane area be that represented in fig. 3 (of 
Section I., Article 5, preceding). Draw an axis, AX, in a coo- 
^eriieiit position, divide it into equal intervals^ meajanre hreadtha at 
the ends and at tlie points of diviaion, and oalculate the area> as 
itt Section I., Article 5. 

lliea multiply each breadth by its distance from one end of the 
teis (as A) ; consider the products as if they wei'e the bread tb a of 
a new figure, and proceed by the rules of Section I., Article 5f to 

'sttlate the area of that new figure. The result of the operation 
' be the ffwment of the original figure relatively to a plane per 
licular to A X at the point A 




84 



KUMBERS AITD PXGUBES, 



Divide tlie mommii by tLe m'ea of t"he original figure ; tlie quotient 
will be tlie diafcatice of the centre required from tlie plane perpea- 
dicular to A X at A, 

Draw Kr second ajcis intei-secting A X (the most convenietit 
position heing in general perpendicular to A X), and by a similiir 
process fiiid the distance of the centre from a plane perpendicular 
to the second axis at one of ita endaj the centi*e will then be 
completely determined. 

Rule B.-^If convenient, the distance of the required ceoti 
fi-ora a plane cutting an axis at one of the intermediate points t 
division, instead of at one of its ends, may be computed as follows:— 
Take separately the moments of the two parts into which that 
plane divides die tigure; the required centi'e will lie in the prt 
wliich has the greater moment. Subtract the less monient fmSk 
the greater; the remainder will he the resnUani Tnonwni of tbe 
whole tigiu'c, which being divided by the whole area, the quotierit 
will be the distance of the required centre from the plane of 
division. 

Remabk, — When the resultant moment ia ^ 0, the centre is in 
the plane of division. 

Rule C. — ^To find the perpendicular distance of the centre from 
the axis A X, Multiply each breadth by the distance of tbe 
middle point of that breadth from the axis, and by the proper 
"Simpson's Multiplier" (Section I,, Ai-ticle 5)- di^tinguiah the 
products into right-handed and left-handed, acx^ording as the middle 
points of the breadths lie to the right or left of the axis; taVe 
separately the sum of the right-handed products and the sum of 
the left-handed products; the required centre will lie to that side 
of the axia for which the sum is the greater; subtract the lesis sum 
from the gi^eater, and multiply the remainder by ^ of the commc^a 
internal if Simpson^s lirst rule is used, or by f of the common 
interval if Simpson's second rule is used; the product will he 
the rmultunt moTtierU relatively to the axis A X, which, being 
divided by the area, the quotient will be the required distanoa 
of the centre from that axis.* 

7. Any s«iid. — To iind the perpendicular distance of the centra 
of magnitude of any solid from a plane perpendicular to a given 
axis at a given point, proceed as in Rule A of the preceding 
Article to find the moment relatively to the plane, aubgtitutijs^g 

* The mles of this Artick aro expresaed in symbols as foUows t^Let ss and 
y be the j)eqM5ndicular distimoes of any point in the plane area from two 
planes perpendicukr to the &rc3a tmd to each other, and o^o ^^^d j/q the p«r- 
pendieuW distaucea of the centre of niagaitude of the area from thei ""^ 
planes; theu 

_ //xdxdy , /T^^ ,^^ _ / /ydxdff 
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'sectional arms for breadths; then divide the moment by the volume 
(aa fcmiid by Section II L^ Article 5); the quotient will be the 
required distance. 

To determine the centre completely^ find its distances from tbi*ee 
ylane^j no two of which are parallel. In general it is best that 
jihose planeJS should be pei^pendicular to each other, 

8. Anr Carred lilne. Rui^ A, To Jind appTO^jmJUd'iJ tlue 
Centre of Magnitude of a very 
Fla£ Curved Lim.—Ia fig. 26 lot 
3^ D E he the arc Draw the 
fil^Faigbt chord A B, which biiicct 
in C; diuw CD (the deflection of 
pje ai*e) perpendicular to A B; from D 
^ill be very nearly the centre required. 

The error of this process is about shf of the deflection for a 
circuhir arc of G(f; and its propoi-tion to the deflection varioa 
bear! J as the square of the angular extent of the are. 

Hole B, — Wlien tjm Curved Line is not ver^ Jlai^ divide it into 
very flat arcs; find their se%'^eral centres of ma^itvide by Rule A, 
and measure their lengths by one of the rules of Section IV., 
Ajticle 1; then treat the whole curve as a compound figure, 
agneeably to the rales of Article 2 of this Section, 

9, Bpc^iiii i^igureB. I. Triangle (fig, 27). — From any two of 
the angles draw straight lines to the middle 
points of the opposite sides; these lines will 
oit each other in the centre reqttired; — or 
othei'wise, — from any one of the angles draw 
& stiuight line to the middle of the opposite 
side, and cut oflT one^ third part from that linej 
commencing at the side. 

IL QuADRiLATEEAi (fig, 28).— Draw the two diagonals A and 
B D, cutting each other in E. If the 
qiiadrilateral is a parallelogram, E will 
divide ^ch diagonal into two equal parta, 
and will itself be the centiu If not, one 
or both of the diagonak will be divided 
into imequal parts by the point R Let 
fi I> be a diagonal that is unequally 
divided. From D lay off D F in that 
diagonal = B K Then the centre of 
tfce triangle F A C, found as in the 
praoeding rule, will be the centre required. 

nX Pi^AjfE Polygon. — Divide it into triangles; find their 
centre^ azul measure their areas ; then treat the polygon as a com- 
' figure made np of the triangles^ by the rules of Article 2 ofj 



Ftff. 27. 




Fig. 28. 
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lY. Prism, or Ctlinder with Flake Parallel End& — Find 
the centres of the ends; a straight line joining them will be the 
axis of the prism or cylinder, and the middle point of that line will 
be the centre required. 

V. Tetrahedron, or Triangular Pyramid (fig. 29). — Bisect 
^ any two opposite edges, as A D and 

B C, in E and F; join £ F, and 
bisect it in G; this point will be the 
centre requircKi 

VI. Any Pyramid • or Cone 
WITH A Plane Base. — Find the 
centre of tjhe base, from which draw 
a straight line to the summit; this 
will be the axis of the pyramid or 
cone. From the axis cut off one- 
Pi& 29- fourth of its length, beginning at 

the base; this will give the centre required. 

VII. Any Polyhedron or Plane-faced Solid. — ^Divide it 
into pyramids; find their centres and measure their volumes; then 
treat the whole solid as a compound figure, by the rules of Article 
2 of this Section. 

VIII. Truncated Pyramid or Cone. — Find the respective 
volumes and centres of magnitude of the entire pyiumid or cone^ 
and of the part cut off; then find the centre of the remaining part 
by the rule of Article 4 of this Section. 

IX. Circular Arc.— ^In fig. 30 let A B be the arc, and C the 

centre of the circle of which it is part 
Bisect the arc in D, and join C D and A R 
Multiply the radius C D by the chord A B, 
and divide by the length of the arc A D B; 
lay off the quotient C E upon C D; E 
will be the centre of magnitude of the 
arc. 

X. Circular Sector, C A D B, ^g. 30.— 
Find C E as in the preceding rule, and 
make C F = | C E; F will be the centre required. 

XL Sector op a Plane Circular Ring. — In ^g. 31, let C B be 
the outer, and C A the inner radius of the ring. Divide twice 
the difference of the cubes of the outer and inner radii by three 
times the difference of their squares; the quotient will be an inter- 
mediate radius, C D, with which describe an arc, D E, subtending 
the same angle with the sector. The centre of magnitude,' F, of 
the arc D E, found by Rule IX. of this Article, will be the centre 
required. 

XII. Circular Segment, A D B, ^g. 30.— Find the respective 
^ of magnitude of the sector C A D B, and the triangle 




Fig. 30. 
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B, which, heing taken from the sector, leavca the segment; 
then, hy the rub of Article 2 of this Sectioiij find the centii^ of 
magnitude of the Begment^ 



Fitj- 31, 



Fig, 32. 



3[irL Pakabolig Half-Segmknt. — lu fig 33 O A B represents 
a half-Begment of a parabola ; A being part of a diameter parallel 
to the axis, and A B an ordinate conjugate to that diameter — that 
1% parallel to a tangent at 0* Make O P ^ | A, and dravr 
D C parallel to A B and = | A B ; C will be the centre of iriagni- 
tude of the half -segment 

10* Centres Foiiitfl by Parallel Prvjcctlon.— By a paralld pro- 
jectimi of a plane figure, or of a solid, is meant a figure resembling 
the original figure, hut transformed by haviDg ita dimensions in 
one or more directions altered in given proportions, or by distortion ; 
subject to the Limitation— ^Aai to ever^ set of paralld Uraight iiTtsSf 
beai'ing givmh proportioiis to each other in the origmal Jigure^ i/iere 
shall cm^egpond a $e6 of paralld straight lines in the new Jigur^^ 
bearing the same proportions to each other. For example, — all 
triangles are paimllel projections of each other; so are ail triangular 
pyramids ; so are all circles and ellipses ; so are all spheres^ spheroids, 
and ellipsoids; so are all cii^nlar and elliptic cjlindera; so are 
all conea. 

Rule. — Tim cenU-e of magnitude of a plane or solid Jif/urej which 
i» derived by parallel projection from another figure^ is the paralld 
prqjedion of dm cetU^re ofniaguitude oftfie orighmJ figure, 

Keuabk, — It is to be observed that this rule applies neither to 
curved Lines tior to curved surfaces, but only to plane arefls and 
to isolids. 

T^iiA}^-?iM,—ElliptiG Sector, O C B', fig. 33. Let O be the centre 
of the whole ellipse ; A A its grejiter, aud B' B' its lesser axis* 
About O, Tw-ith the mdius O A, describe a circle, A B A B. This 
will be a pamllel projection of the ellipse * Through (J and Jf 
draw E C C and F D' D pamllel to B, cuttiug the circle in 

• Because ©very ordinate of the ellipae, flucli ^ X Y', ]>arallel to B', 
liears a oofiatant proportioa to tlie correaponding ordinate X Y of the cirde- 
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C and D; join O C, O D; the circular sector O C D will be a 
parallel projection of the given elliptic sector. Find, by Rule X. 

of Article 9, the centre of magni- 
tude, G, of the circular sector; and 
through it draw G H parallel to 
B O. Then 

O B : O B' : : H G : H G'; 

and G' will be the centre of mag- 
nitude of the elliptic sector. 

11. Tolnine S^rept hj'wt HoTiaK 
Plane.— Let the centre of magni- 
tude of a plane figure move along 
any path, straight or curved, and 
let the plane figure at every in- 
stant be perpendicular to the 
direction of that path ; the volume 
of the space swept through by the plane figure is the product of the 
area of that figure into the length of the path of its centre. 

If any part of the plane figure moves hackwa/rdsy the volume 
swept by that part is to be subtracted from the volume swept by 
the part that moves forwards, in estimating the volume swept by 
the whole figure. 




Addendum. 
Table 7. — Regular Polygons. 



No. 

of 

Sides. 



Name. 



Side 


= 1; 


Semi-diameter = i. 


Scmi- 
diamctcr. 


Area. 


Side. 


Area. 


0-5774 


0-4330 


1-73205 


1-2990 


0-7071 


I-OOOO 


I -4142 1 


2-0000 


08507 


1-7205 


I -17557 


2-3776 
2-5981 


i-oooo 


2-5981 


i-ooooo 


1-1524 


3-6339 
4-8284 


0-86777 


^:ffi 


1-3066 


076537 


I -4619 


6-I8I8 


0-68404 


2-8925 


I -6180 


7-6942 


0-61803 


2-9389 


17747 


9-3656 


0-56347 


2-9735 


1*9319 

2X)893 


11-1962 


0-51764 
Q-47863 


3xxx)o 


13-1858 


3-0207 


2-2470 


153345 


0-44504 


3-0371 


2-4049 


17-6424 


0-41582 


3-0505 


2-5629 


20-1094 


0-39018 


3-0615 


3-1962 


31-5688 


0-31287 


30902 


38306 


45-5745 


0*26105 


3-1058 



3 
4 

I 

7 
8 

9 
10 
II 
12 
13 
14 

11 

20 
24 



Triangle, or Trigon, .. 
Square, or Tetragon, . 

Hexagon, 

Pentagon, 

Heptagon, 

Octagon, 

Enneagon, 

Decagon, 

Hendecagon, 

Dodecagon, 

Decatrigon, 

Decatetragon, 

Decapentagon, 

DecaSxagon, 

Icosagon, 

Icositetragon, 
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The semi-diameter is measured from the centre of the polygoD 
to an angle. 

To find the Side of a Regular Decagon hy Construction, — In fig. 
34 let A B be the semi-diameter of the 
decagon. Draw B C -perpendicular to A B, 
and = ^ A B; join A C, from which cut 
off C D = C B; A D will be the side 
required. 

Tofindy very neaniy, the Side of a Begulivr 
Heptagon hy Construction, — In fig. 35 let 
A B be the semi-diameter of the heptagon. 
Draw the equilateral triangle A C B. Divide 
A B into 200 equal parts, and take the point 
D at 89 of those parts from one end, and 111 
from the other end of A B. Join C D ; this 
will be very nearly the side required, the en-or 
being practically inappreciable. 




Fi,'. 34. 




Table of Rhumbs (see next page). 



Foint& Angles East 

N., 360^ 00' 

N.6.W., 348 45 



31. 

30. N.N.W., 

29. N.W.6.N., 



26. 
25. 
21 
23. 
22. 
21. 
20. 
19. 

la 

17. 
1& 



N.W., 

N.W.6.W.,.. 
W.N.W.,.... 
W.6.K, 



.337 30 

....326 15 

....315 00 

....303 45 

....292 30 

....281 15 



W., 270 00 

W.6.S., 258 45 

W.aW., 247 30 

&W.6.W., 236 15 

aw., 225 00 

aW.ft.S., 213 45 

aaw., 202 30 

&6.W., 191 15 

a, 180 00 



; of North. Points. 

0** 00', 0. K 

11 15, 1. NAR 

22 30, 2. N.N.E. 

33 45, 3. N.K6.N. 

45 00, 4. N.R 

56 15, 5. N.K6.K 

67 30, 6. E.N.E. 

78 45, 7. E.6.N. 

90 00, 8. E. 

101 15, 9. K6.S. 

112 30, 10. E.S.R 

123 45, 11. S.E6.E. 

135 00, 12. S.E. 

146 15, 13. S.E6.S. 

157 30, 14. S.S.E. 

168 45, 15. S.6.E. 

180 00, IG. S. 



Quartei>point, = 2** 48' 45" 

Half-point, =5 37 30 

Three quarter-points, = 8 26 15 
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MEASURES. 
Section I. — Measures of Angles. 

1. The Sexagesimal Srstem of angular measurement is as follows : — 
1 revolution = 4 right angles = 360 degrees; 1 degree = 60 
minutes; 1 minute = 60 second& . Seconds are usually subdi- 
vided into decimal fractions. As to circular measure, see Table 4 
in the preceding part of this work. 

2. The Nautical or Binanr system used in the Mariner's compass 
is as follows : — 1 revolution = 32 points, each divided into halves 
and quarters; 1 point =11^ degrees (see preceding page J. 

3. The Centeiriiiial Sf Btein of angular measurement is as follows : — 
1 revolution = 4 right angles = 400 grades; 1 grade = 100 
minutes; 1 minute = 100 seconds. This system is found in some 
French works published towards the beginning of the nineteenth 
century, but is now abandoned. 

Section IT. — Measures of Time. 

1. Sidereal Daj.— The standard unit of time is the Sidereal Day, 
being the period in which the eai*th turns once round on its axis. 
It is divided into sidereal hours, minutes, and seconds; but these 
measures of time are used by astronomers only. 

2. iniean Solar Time.— A SECOND is the time of One swing of a 
pendulum adjusted so as to make 86,164*09 swings in a sidereal 
day. Seconds are usually subdivided decimally. 

One MINUTE = 60 seconds. 
One HOUR = 60 minutes = 3,600 seconds. 
One MEAN SOLAR DAY = 24 hours = 1,440 minutes = 86,400 
seconds = 1-00273791 sidereal day. 

3. Year».— One TROPICAL YEAR = 365 days 5 hours 48 minutes 
49*7 seconds mean solar time, = 365*24224 mean solar days, 
nearly. 

One COMMON year = 365 days, 
Onft iJZAP year = 366 days. 
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Tears of tfao Gre^ori«.ti Ooleiiduv iMya. 

Slumber of year iu the Christian Era — 

Not di vi sible by 4 witho u t remainderj ,.*,*.** 3 G5 

Divisible by 4, but not by 100, 366 

Divisible by 100, but not by 400, 365 

Divisible by 400 [but not by 4,000] * 366 

[Divisible by 4,000,.. „ 3155]* 

4* Hate^ Civil and AMrttnomiosL— Tlie civil day IS held (in 
Western Europe and in America) to commence at midnight. The 
natron omical day coraraencea at noon of the civil day having the 
fiame designation; that is, twelve hours later than the civil day. 
The civil year ia held to commence at midnight of the Sl^t of 
December of the year preceding; the aatrouomical year commences 
at noon of the lat of January of the civil year, 

5. KelafJon Vet ween Tine and EioofiiiHdf!.— At any given instant 
the mean solar time at two stdtion&di tiers by an amount proportional 
to their difference of longitude, the time at the eastern station 
being the later, 

CORRESPONDIKG DIFFERENCES. 



LongJtiidiL 


TiMEt. 


LDDgt tilde. 


Tlmfli 


IS" 


I second. 


75^ 


5 hours; 


l' 


4 seconds. 


90 


6 „ 


IS" 


1 minute. 


105 


1 f. 


!• 


4 minutes. 


ISO 


8 „ 


15° 


I hour. 


t35 


9 I. 


30 


2 hours. 


150 


10 ,, 


45 


3 ff 


165 


11 It 


60 


4 IT 


180 


i3 „ 



To show the exact date of any event^ the meridian at which the 
time is reckoned mnst be specified. 

It is customary for civil and commercial purposes to reckon time 
It all places throughout Britain as for the meridian of Greenwich ; 
local mean aolar time being found for scientific purposes, wben 
required, by calculation. 

At afcations close to the two sides of the meridian of 1 80* them 
ia necessarily a difference of a whole day in the dates corresponding 
to the same real instant, the date at the western side of that 
ttieridian being the later. The position of the meridian of 180^ is 
(mrely arbitmry, depending on the jxisition assumed for the meri- 
diaa of O"*, which is diifereut in each different nation. 

6, DirUi^HB «r the Vtar,— Intervals iu days from the beginning 
of the first diiy of January to the beginning of the firtst day of each 
of the other calendar months 1 — 

•The rules in brackets are an improvement propoeed by Sir John H 
tthkh c<miiot came into operation until a,i>< 4<K}0, 
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MEASURES. 



Common Year. Leap Year. 



Common Year. Leap Year. 



January,. •• 


o 





July, 


t8i 


February,.. 


31 


31 


August, 


212 


March, 


59 


60 


September,.... 


243 


April, 


90 


91 


October, 


273 


May, 


T20 


I2t 


November,.... 


304 


June, 


151 


152 


December,.... 


334 


A so-called 


"lunar" 


month 


is four weeks, 


or t 


days.* 











182 
213 

244 
274 

305 

335 



Section III. — Measures op Length. 

1. The British Standard iTard is the distance, at the temperature 
of 62° Fahrenheit, between two marks on a certain bar which is 
kept in the office of the Exchequer, at Westminster.t 

2. The French lOLetre is the distance, at the temperature of the 
maximum density of water (or 4° Centigrade nearly), between two 
marks on a certain bar kept in the French Archives, and is approx- 
imately one ten-millionth part of the distance from one of the 
earth's poles to the equator. J The use of this measure, and others 
founded on it, is lawful in Britain^ and a copy of the standard metre 
is kept in the Exchequer office. 

3. British HOLeamnreu of Ijengtii. — 





Inchea. 


Feet 


Yards. 


Statute Milea Metrea 


Inch § 


= I 


= A 


= ffV 


= i^imF = o'02539954 


Hand 


4 


i 


t 


xriTTT 0-10159816 


Foot 


12 


I 


i 


tAi7 0*30479449 


Yard 


36 


3 


I 


ttW 0-91438347 


Chain 


792 


66 


22 


^V 20-11643634 


Furlong 


7,920 


660 


220 


^ 201 1643634 


Mile 


63,360 


5,280 


1,760 


I 1,609-3149072 



The Inch is subdivided — 

By artificers, sometimes into 12ths, or Knes, but more 

commonly into binary divisions, as halves, quarters, 8ths, 

16ths and 32ds. 
By mechanical engineers, into decimal divisions, as lOths, 

lOOths, l,000ths, and 10,000ths. 

* A mean lunation, or real lunar month, is approximately 29i, or more 
exactly, 29-63069 mean solar days ; 235 limations nearly = 19 years, — a period 
called a lunar or Metonic cycle. 

f See "Weights and Measures Act," 1855. Official copies of the standard 
yard are kept at the Royal Mint, London, the Royal Observatory, Greenwich, 
the Rooms of the Royal Society of London, and the Palace of Westminster. 

t The distance from the pole to the equator is not exactly the same on 
different meridians. 

y inch is almost exactly one 500,500,000th part of the earth's polar 
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The Hanp is used for heights of horses and girths of spars. 

The Foot is subdivided decimally by civil engineers. 
I The YarDj in Cloth Measuke, is subdivided binarily, into 
^H haJveSj quarters, half-quarters^ aud naihf or 16tha of a 

^H^ yard. An Euglish Ell is 1^ yard^ or 45 inches, 
^H^e Chain, in Lajsd Measure, ia subdivided into 4 poles or 
^H perches (each of 5| yards) and 100 links (e^ck of 7*92 

^^ iDcht^s)* 

A Fathom is two yard?. 

The GeographicaLj Nautical, or Sea Mile, or KnoTj depends 
tm the dimeusiona of the eaithj w]iich are known approximately 
unlj. The followiug are eatimates of its value : — 



h 



Mean length of one minute of 
longitude at the equator j 
being the nantical mile by 
Admi iTJ 1 ty Regulation ^ , 

Mean length of one minute of 
latitude,, .,.. 



Mile 
neat-ly. 



Kearly, 



6jo86J r'i5z8 1,855 



6,076^ 



A League is three imnticul miles. 

The nautical nule ia sometimes subdivided into 10 cahlm and 
1,000 falltoTHit; the fathom thus obtained being about one- 80th 
|iart longer than the common fathom, 

4, Frencli Mclrlcul MeiuiitiB* mt Ijemfthi — 



Miliimetm, -.« 

Centimetre, .,... 

Decimetre^ 

MetrOj 

Decametre, 

Hectometre^* 

Kilometre, i ^ 000 

Myriamotre^ 10,000 



Metres. BriUsli HeiLBti?esi 

0*001 ^ 0*03937079 indl. 
001 



01 
I 
10 
100 



= 3*2808993 feet 
= o'62i^B24. mile, 
French fmudj or nautical mile, ia the same with the 



9. Old Scoltisb nad Irish Measnroji of livn^fa, — 



The Irish Perch 
lie Irish Mile 



^ ^ impei-ial perch. 
= 3:30 Irish perches = S,240 yards - ^ 
statute mile* 
Tlie Scottish Isjch = 1*01 €2 impenal inch, 
J The ScarriSH Ell = 37 Scottish inches ^ S7-06 imperial inches^ 
1- 3*0883 imperial feet 
be Scottish Fall = 6 Scottish ells = 18-53 imperial ft 
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MTtAH UKI W . 



iSinclies. 
6,000 feet. 

= I •136 stat mfle. 

I foot. 
7 feet. 
3»5«> » 

I *02972 foot 
1 2 '35664 feet. 
(24,713-28 
( = 4*6806 Stat, miles. 



; foot, 
(feet 



1*03713 
6*22272 

524,891 -12 „ 

I =4*142 stat. miles. 
4 geographical miles. 
I geographical mile. 

0*97410 foot. 
5*8446 feet. 
35»o67*6 

= 6 '61 16 stat. miles. 

3*937079 indies. 
3 *28o8992 feet 
3,280*8992 
= 0*6213824 statmiL 



I '054 foot. 
10*54 feet 
1,897 ^eet 
= 0*3593 stat mile. 

I "06577 foot 

6*39462 feet 



Metres. 

0-4571917 
1,828*767 



0-30479449 
2*13356143 
1,066*78 



O 

3 
7,5324 



U' 



The Scottish Mile = 320 falls = 1,920 ells = 5,929-6 imperial 
feet = 1*123 statute mile. 

Each of those miles was divided into 8 furlongs, and 80 
chains. 

As to Scottish measures, see Buchanan's Weights and MeoBwnB, 
Edinburgh, 1829. 

6. Tarlons Measiires «f Iieiigthr-^ 

British Measures. 
United States, as in Britain. 
India — 
Hath or haut (cubit), 

Coss (mile) = 4,000 cubits,... 

EussiA — 

Foot = 12 inches, 

Sashen or sag^ne, 

Verst (500 sashen), 

Prussia, Denmark, Norway— 

Foot = 12 inches, 

Ruthe (rod) = 12 feet, 

Mile = 24,000 feet, 

Austria — 

Foot =3 12 inches, 

Klafter = 6 feet, 

Mile = 24,000 feet, 

German geographical mile, 

German sea-mile, 

Sweden — 

Foot = 12 inches, 

Fathom = 3 ells = 6 feet, 

Mile = 6,000 fathoms, 

Netherlands— 

Palm, 

EUe, 

Myle, 

Belgium, Italy, Portugal, 
Spain — French Metric Mea- 
sures. 

China — 

Chih (foot), 

Chang = 10 chih, 

Li= 180 chang,.. 

Old French foot = 12 inches = 

144 lines, 

Old French Toise = 6 feet. 



0*31611 
1*89666 

7,586*64 

7,408 nearly. 
1,852 nearly. 

0*2969 
1 7814 

\ io,688*4 

O'l 
I'O 

1,000 



0-32125 
3*2125 

578-25 

0*32484 
X •94904 



Tor the measures of lengtli "used m ^odovja ^^^«& o£ Genaany, 
see der Ingmieury by Dr. Julius ^e\a\)«kft\i* 



S^ inch (decimally subdivided}, 

1 loot X 1 inchj 

Square foot (de^iimnlly or duo- 

decimally eubdivided), 
Squiire yarii, 

Square TniJe, 
LaNO MfiAStTfiE — 

Percli, ., 

'\. cihaiu (= 10,000 sq. links), 
Bood = 40 percliea, 
Acre = 4 roods =^ 10 eq. ckaLos, 
Used in the Arts — 
S^mare (of roofing or flooring), 
Rood (face of maHonry), 
IM (face of bnckwork), 



2. Vrencli Mcirtc SHiaufires of Ai%a- — » 




SdeaeeHid 

% millknetre..^ 
^Cfentitnetre,.. 

q. metre, ^ 

iq. decametre, = 
Sfj. hectometre, = 



MilUftre, 

Centiare, 

Declare, 

Are^ 

Decare, 

Hectare, 



O-OOOCXJI 

ooooi 
O'er 

10 

t»ooo 
10,000 



^, BiA nt9ttimit and iri«h liitad BiciiBiires. — XHali acre = 4 roods ^ 
160 perches = 70,5 GO jsqunre feGt = ^", or 1'6198 impel ial acre, 

1 j2 I 

Scottish acre = 4 roods- 160 falls =54,937 square feet =1*2612 
imperial aeie, 
L YorioBfl ^r.oatirea of Area*— 

BritlBb MeaBurea 
UjftTiD States^ m in Britain. 



Square foot = 144 square in,,. 
Sijimre sashcn^4S square fL, 

Beaaatine =2,400 sq, saHheDj. 



r square foot. 
49 square feet, 
( 117.600 
I =2-69977 acres. 
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HEASUBE& 



Various Measures of ABXA—continuecL 



Prussia, Denmark, Norway — 
Square foot = 144 square in.,. 
Square ruthe = 144 square ft., 

Morgen=180 square ruthen, 

Austria — 
Square ft. = 144 square in., ... 
Square klafter = 36 square ft., 

Jocli= 1,600 square klafter,... 

S'^'eden — 
Square ft = 144 square in. , . . . 

Tunnland=56,000 square ft., 

Netherlands — 
Square elle, 

Bunder = 10,000 square ellen, 

Belgium, Italy, Portugal, 
SPAiN—Frencli Metric Mea- 
sures. 

Old French square foot = 144 
square inches, 



British Measures 




{ 



1*07564 sq. foot 
38723 sq. feet 

6i,9S7 

= 1*47366 acre. 

0*94887 sq. foot. 
53,136*72 sq. feet 
= 1*21977 *cre* 



107643 sq. feet, 
f 107,643 
(. =2*47114 acres. 



1*13585 sq. foot 



Square Metres. 

0*09850 
^ 141-85 
; 2,553*3 

0*09993 
3*5975 

; 5,756 

0*08815 
} 4,936-4 



1*00000 
10,000 



0*10552 



Section Y. — Solid Measures. 



1. British Solid UleaMres.— 



Cubic inch (subdivided decimally), 

1 footx 1 inchx 1 inch, 

1 footxl footxl inch, 

Cubic foot (subdivided decimally or 

Duodecimally, 

Cubic yard, 

Load of hewn timber, 

Hood of masonry (=36 square yards 

face X 2 feet thick), 

Rod of brickwork (= 272 square feet 

face X 134 inches thick), 

Ton of displacement of a ship, 

Ton registered of internal capacity of 

a ship, 

Ton, shipbuilders' old measurement,... 



ubic Inchea 

I 

12 

144 


Cabicft 


1,728 


I 


46,656 


27 

50 

648 


Cubic yards. 
24 


Hi 


306 




35 




100 
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Cubic Metres. 

0*000016386 

oxx)Oi9663 

oxx)23596 

0*0283153 

0*7645131 
I 415765 

18*348 

8*664 
09910355 

283153 
2*66164 



SOLID MKAaVRES — WEIGHTS. 



2. — Vreneh lUeirJc SaUd iTlcaftiircs.^ — 



9T 



Uubic centimetre, 
Oabk decimetre = 






TradAk 



Millktere, 
Centifitere, 



Deciatere, O'l 

Stere, 
Pecostere, 
Hectostere, 
KilosterQ;^ 



0*000000001 o'oooo6i<^7i cubic 1 

OXtOOQOl ^ 00610271 f, 

o^ooi 6ro27i ,f 

ooi 610-271 „ 

f 6,10271 ,. 

\ =3-53166 cubic feet 
35-3166 
353'i66 
3*531*^^ If 



3, TbHodi Solid MeaaDr4;B«^> 

UNITED States, aa in Britain, 

BcrssiAf ctibic foot, ,.......^...,. 

pRuasTA, Denmark, Norway, cubic ft,, 

AtrsTRiA, cubic foot,**,,. .„„,.., -,..,* , 

SwEDBK, cubic fbat,..«.-f.,4-,.. ,-..,,,« 

Nith:krland*i, cubic eOe^ 

BKLdiuM, Italy, Portugal, Spain — 

Freoch. metric measures. 

Fieiick cubic foot^«,.i» «. ** 



Briti&li OtMa Feot Cable Metres. 



1' 

I '091S4 

o^9H3 
35-3166 



I '21056 



0-0283153 
0x13092 

0^3159 
002617 

1*00000 



010542S 



SEcnoir yi— MsAauEES of Weight, 

1. The JiiBndnrd Piniiid Aroirditpoii is the weigbt, at tbe temper- 
Ature of 62° Fahreiibeit, and under tbe atmgspberic preaaure of 
30 incbes of mei-cury, in tbe latitude of London, and at or near 
tbe level of tbe sea, of a certain piece of platiiium wbicb la kept in 
the Exchequer Otfico at We^tminBter. 

2* The Standard iiiiograiiit»« is the weight, at tbe temperature 
of the maadmum density of water (about i"" Centigi^ade), and under 
the atmospheric pressure of 760 millimetres of mercuiy, in tbe 
latitude of Parts, of a certain piece of platinum which is kept in 
tbe French Archives. The use of weights founded on this standard 
is lawful io Britain, and a copy of it is kept la the Exchequer 
Office.* 

In the tables of the following articles the relative values of tbe 
iKJund avoirdupoia and kilogramme are taken from Professor 
Millers paper "On the Standaid Pound" in the FhUosopkiad 
^ranmcti&ns for 1856. 

• The kildgrjunme was at first intended to be the wei^^ht of a cubio 
decitnctre of puic water at ita maximum density; but it la in fact aWub 
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IfSASUBES. 



27-34375 
437*5 
7,ocx> 

Ton. 
o*cx)625 

0'0I25 

ox)5 
I 

Graiofi. 

I 
20 
24 

6o 

480 
5,760 

08 

3-2 



H 
28 
100 

112 

2,240 



LlML 

Ayoirdupois. 

0*00390625 

0-0625 

I 



3. Britlali ncasares •€ Weight. — 

GTAini^ 

Avoirdupois Weight— 

Dram,* ■ 

Ounce = 16 drams, 

Pound =3 16 onnces, 

Stone, I 

Quarter = 2 stone, 

Cental, 

Hundredweight = 8 stone 

Ton = 2cwt, 

Trot and Apothecaries' 
Weight— 

Grain, 

Scruple (Apoth.), 

Pennyweignt (Troy), 

l^rachm (Apoth.) =3) 
scruples / 

Ounce = 20 dwt. > 

=: 8 drachms,.) 

Pound = 12 oz., 

Diamond Weight— 

Diamond grain, , 

Carat = 4 £amond grains, 

4. Frenck Bletric IHeiuiiires of Weight.— 

Grammes. 



000255714 
0-003428571 

ox)o857i43 

006857143 
082285714 

tAtt 

910 0' 



Grammea 

1 7718463 

28-34954C^ 

453*5926525 

6,350297135 

12,700*59427 
45»359-26525 
50,802*37708 
1,016,047*5416 



0*06479895 

1*295979 

1-5551748 

3-887937 

31-103496 

373-241952 

0*05183916 
o 20735664 



Milligramme, 

Centigramme, 

Decigramme, 

Gramme, 

Decagramme, 

Hectogramme, 

Kilogramme, 

Mjrnagramme, 

Quint^ 

Tonneau (in shipbuild-) 
ing) or millier, % 



o*ooi 

OX)I 

0*1 

1*0 = 

10 

100 

1,000 = 

10,000 

100,000 

1,000,000 = 



British Measures. 



15*43234874 gnuna. 
2*20462125 lbs. avoirdupoifl. 

0*9842059 ton. 



5, Tariens Hensares of Weight. — 

United States, as in Britain, with the British Measu^a 
following exception: — 

Quintal, 100 lbs. 

Russia— 

Pound = 32 loth = 96 solotnik, 090283 

Berkowrtz = 10 pud = 400 pounds,... 361*132 
German Zollverein, Denmark, Nor- 
way — 

Pound, 1*10231 

Centner = 100 pounds, 110*231 

Austria — 

Pound = 32 loth, 1*2346 

ier~ iOO pounds, \ 12^*^6 



Grammea 
45»359-26525 

163,808- 



500* 
50,000- 

560*012 
^6^001*2 



MEASXmES OP WEIGHT — OF CAPACITY. 
Tasxous ^^AdtTESS OP Weight — cofUimieiL 



SwsDKsr — 

Skalpund = ^bth, , 

Skeppund ^ 400 fikalptmd,*..,. 

IfKTHKRLANDS— 

Pond = 10 Oiioeii = 100 Looden= 1,000 

Wigtjea, 

BctxjirH, Italy, Sfain, Portugal-^ 

Fjfench Metric: Me^ure«. 
CmNA-=- 

Gin or Catty ==^ 16 tael or lya^g,. 

Pkttl = 100 csttiea,, 



o'9377 
37S'o8 

2*20462 



nzl 



IK avoir. 



4253395 
170,135-1 



I,OCXi* 



60479 
60.479- 



SEcnoN VII, — Measuhes of Capacity. 

\, The ^landnrd Gallon IS the Yolume cf 10 Ibs^ avoiMupois of 
|mr^ water, at the temperature of 63° Fahrenheit, and under the 
itmoBpheric pressure of 3t) inches of mercury. At that temptira- 
turothe volume of water is 1*001123 tiraea its mini mum volume. 

1 The Sfandafd Miitr^ !» the volume of a kilogramme of pure 
▼ater, at it& temperature of maximum density (about 4° Centigrade), 
*ad under the atmospheric pressure of 7 CO millimetres of mercury » 
It m& origiiially intended to be a cubic decl metre, but is about ono 
130,0OOth part leas, or 0-999992 cubic decimetre. 
3. Britlvfa McAHBVe* sf Caimcllr* — 



^^\ 

Pint = 

fim = 

GiDoD = 

Peck 

iNid = 

Quarter = 



4 giUB, ...... 

2 pintfl,*.... 

2 quarts,..- 

2 pottlea, ., 

2 gallons, ., 

4 pecks,..*. 

5 huslLels, . 



QmlloDB. 

0103125 

0125 

0^25 

"' i 

110 i 



2 

64 



Britibb Solid M^imm, 
nearly, 

S'66o cub. inches. 

6g'2So, „ 
13^-56^5 

277-123 1. * 

=■ o' 160371 cub. foot, 
0-320744 ,, 
1-282976 ,, 
10-263808 cub. feet. 



0141907 
o"56762S 

2 2 705 I 
4-54102 

9'oS204 

36 328 J 6 

290*63528 



A tun of ale ^ 2 butts = 4 hogsheads = 2lG gaBons = 98086 

A tm of sea- water = 3J cubic feet s 2184 gallons nearly = 
»H4 litres. 

AroTHBCAiuEa* Fluid JifiAsURE.— 

Uiium ^........*.....,,♦«»„*,^„ „, 

Fluid tlraehm = 60 minims, 

Rcid otmoe = 8 fluid draclunfl, . . .♦ 

P^t ^ 16 fluid ouDces,.. 

Gallcia s= Spiuta,..,.. 



OuWc XnGbea. 


LltrsFfc 


0-00376 


ooooo6[6 


02256 


0-003697 


1*8047 


0029572 


288750 


0'473iS4 


231 0000 


3785235 



• Tbtfl is the correct volume of 10 lbs. of pure water at 52** I'abx., Mid. 
therefore the true value of a gallon in cubic inches. By a lotm^t la^^ 
I'arfiaiaeiitj &^ce rjepe&led, agtdlvn. was declared to be 271 -214 ca^5Wi "uMi 
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4 Freach BIclvte MtmBmnm 



Millilitre,... 
Centilitre,.. 
Bedlitre,... 

litre, 

Decalitre,... 
Hectolitre,.. 
Kilolitre, ... 
Myrialitre, . 



•f Cspttcltjr. 


— 


litres. 


Catdo Inohefl. 


O'OOI 


••• 


O'OI 


... 


o-i 


... 


I* = 


61*0266 


lO 


..• 


lOO 


.•• 


i,ooo 


... 


IO,O0O 


••• 



Gmnona 



0*220215 



5. Toiions VBLtmrntrem •€ Capacity. — 

United States, as in Britain. 
KussiA— 

Vedro = 10 kruschki = 750*568 cubic inches = 

Pkussia— 

Quart or Viertel ( = 64 Pmssian cubic inches), 

Oxhoft = 14 ohm = 3 eimer = 6 anker = 180 quart. 

Tonne = 4 schefifel =s 64 metzen =3 192 viertel, 

A.USTRIA-~~ 

Maass = 40 seidel = 80 pfiff = 00448 Austrian], 
cubic foot, j 

Eimer =3 40 maass, 

Sweden — 

Kann ( = 0*1 Swedish cubic foot), 

Am = 60kannar, 

Netherlands — 

Kan (subdivided decimally), 

Old Scottish gallon = 8 pints = 16 chopins =s 32) 
mutchkins = 128 gills, | 



Gallons. 
2*70843 

0*25215 
4S-3»7 
48'4i3 

0*3116 
12*464 

0-57635 
* 34-581 

0*220215 
30651 



litrea 

12*299 

1-145 
206*1 
219*84 

1-415 
56*6 

2*617 
157*02 

X 

13-9187 



Section YIII. — Measures of Value. 

1. The FlaeaeM of Gold and Silver Colas means the proportlOtl 
of the precious metal which they contain, and is generally expressed 
in thousandths of their total weight. The fineness of gold coins 
is also expressed in carats^ or 24ths of their total weight. 

The fineness of British gold coins is 22 carats, or 0*91 6|; of 
British silver coins, 0*925; and of the coins of most other nations, 
0*900. 

2. The Ponad sicriiag is the value of the 

pure gold in a sovereign, viz., ii3'ooi grains. 

The alloy in a sovereign consists of copper,... 10*273 n 

Full weight of a sovereign, 123*274 „ 

Fineness, 22 carats = 0*916|. 

Least legal tender weight, 122*75 „ 

Current weight, or least weight received at 

VBX at the Bank of England, 122*5 » 



KEASUSES OP VALUm Ml 

3« The Wrmme IS the value of 4'5 grammes of piine silver; ^bich 
Ijeing alloyed with 0*5 gramme of copj)©r^ the full weight of the 
coiu IB 5 grummes. The fiiteiiess ia 900, The Italitm ijira la 
equal to the franc in weight, iineness^ and valua 

i. The GerTEiaa l7itloii ]»oll«r (Yereinaihaler) i^ the value of -^ 
of a ZoUpfutid f ^ ^ of a kilogramme, or 357 '2 grain b) of pure 

ailverj to which is added = of its weight of alloy^ the fineness 

being 0*900. 

5. The eoitttmratJi^« Ttttne of monejB in different oountrit^ 
ftuctuates with the rate qf exchange, and cannot be stated exactly, 
k conventional estimate of the average comparative value of the 
moneys of two countries is called par. A few rates of exchange at 
par are given in the following table. For fnither in formation ^ 
r^erence may be made to M'CuUoch'a Commercifd Dictionary, and 
Kelly's Univer^ Ca^fuhkU 

£ f^usrMn^ France 

British Pou^ gterlifig^20 sMlUn^a \ ^ooqq ^e-aao 

= 240 pence = 9G0/artIiing^,....., \ ^^oooo 25 220 

French and Belgian Fra7ic = IQO \ 0*0^06 s i*ooq 

centimes ^^ lUlmn lira, ..-, J Mb 

Ameiican Dollar — 100 centM^ ,. 0*20548 5'i82 

Russian Bubk — 100 kopeks,.. »... 0-15635 3-941 

(rerman r^retW^/^tfer (Union Dollar), \ 

= Prussian thal^ = 30 silher^- \ 0-14493 3"^55 

rmchen=i BBO pfennigej J 

Austrian Gulden (Florin) = I iiere- I ^.„^££^ ^..,». 

South German GtMm (Florin) =^ | 

I vereinstfuder ^ 60 kreiUzer ^ > o 08 281 2*089 

ziOp/etmigej .*, J 

Ifetherlandish Gulden, Guilder (or 1 ^.^o^^Z 

Florm) = 100 «7.«., ...,| "^Ssaa* S'lM 

Danish Bifffiankdaler = 96 skU-) o-iopg^ 27 70 

Sorwegian SpeciesiM^ = 120 m- ) ^.^ ^^gg ^.^^^ 

hng,.. . , — * * » • , . , I 

Swedish Eiksdaler=lQQ ore (species- { ^,^„ *,^q» 

Met^irihdal^), Z^.] ""^^^^ '^^' 

Fortugueie Milrds = 1,000 rek, 0^2354 5 "937 

Bpitimh Duro (Dollar) ^ 20 real^, 0^2083 5^3/ 

British Indian Eupee ^16 annas ^ \ r^^^f^^tf ««s 

193 pk^ {lac = 100,000 rupm),... / ° ^^^' ^ 
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Section IX. — Measures of Speed, HEAvmESSy Pbebsubi^ 
WoBK, AND Power. 

1. Speed or Teiedtf of advance is expressed in units of Iengtii( 
per unit of time. 

Comparison ofDiffereTU Measures of Velocity. 





per hour. 


Feet Feet Feet 
per second. per minntOL per hom; 




I 


= 1*46 =88 = 5280- 




o-68i8 


= !• =60 = 3600 




0*01136 


= 0*016 = 1 =60 


1 nautical mile"^ 


0*0001893 


= 0*00027 = o*oi6 = 1 


per hour, or> 
"knot," 3 


= 1*1508 


= 1-688 = 101*275 = 6076J 



The units of time being the same in all civilized countries, the 
proportions amongst their units of velocity are the same with those 
amongst their linear measures. 

2. Speed ef THmtas, or AHgviar Tdeeiif, is expressed in tums 
per second, per minute, or per hour, or in circular measure per 
second. 

To convert tums into circular measure, multiply by 6*2832 
To convert circular measure into turns, multiply by 0*159155 

Comparison 0/ Different Measures 0/ Angular Ydoc^y. 

Gircnlar Measnra TnmB TnmB TnmB 

per second. per second. per minute. per hour. 

I 0159155 95493 572-958 

6*2832 I 60 3600 

0*10472 0*016666 I 60 

0*001745 0*000277 0*01666 I 

3. HcaWneM is expressed in units of weight per unit of volume; 
as pounds to the cubic foot, or kilogrammes to the cubic metre. 
(See Section XI.) Speciiic OraTttj is the ratio of the heaviness (tf 
a given substance to the heaviness of pure water, at a standard 
temperature, which in Britain is ^2"" Fahr., and in France the 
temperature of the maximum density of water. To convert 
specific gravity, as estimated in Britain, into heaviness in lbs. ta 
the cubic foot, multiply by 62*355. 

In metric measures the specific gravity of a substance is equal 
to its heaviness in kilogrammes to the litre (or cubic decimetre 
very nearljr). 
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4. The lii«!iiBitr »f Pr«MBt« ia expressed in unit a of weight oa 
the tinit of area, as pounds on the square ineh, or kilogrammes on 
the fi<|uai'e metre; or by the height of a column of some fluid; 
or in atmospIt&'eSf the unit in thiP case being the average prcaaure 
of the atmosphei^ at the level of the sea. 

The following table gives* a comparison of various units in which 
the in tensities of preaaures are commonljr expressed 

Poundfl on tii* Poaoda on tha 

One pound on the square inch^..„ 144 i 

One pound on the square foot,..*.. i yir 

One in ch of mere u ry ( that is, weight 

of a eolumti of raercnry, at 32° 

Fahr., one inch high), 707275 0*491 163 

One foot of water (at 39''-l Fahr.), 62*425 0-4335 

One inch of water, ,*, 52021 0*036125 

One atmosphere, of 29-922 inches 

of mercuiy, or 760 millimetresp 2,1 16^3 i4"7 

One foot of air, at 32° Fahr., and 

nnder the pressure of one atmos- 
phere, ♦* .- o"o8o728 0*0005606 

One kilogramme on the square 

tnetrej««^*.^« ..,..,,,» 0*20481 0*00142228 

One kilogramme on the square 

millimetre, ..*... 204,810 1^422-28 

One millimetre of mercnrf, *... ^7847 001934 

Ci^mparuon of Heads of Water in Feei, tmih Preasmts in 
Variovs Unit?. 
One foot of water at ^2""^^ Fahr, = 63-4 Iba on the ^nare foot 
J, „ 0'4333 lb. on the square inch. 

„ ,, 0*0295 atmosphere* 

J J „ o *8 8 2 3 inch of mercury at 32"* 

J feet of air at 32"^, and 
" " '^^ I one atmosphere. 

Om Ik on the square foot,, 0*01 6026 foot of water at 5 2'*-3 

Fahr. 

One lb, on the square inch,.,,,. 2*308 feet of water. 

One atmosphere of 2 9-9 2 2 inches J 

of mercury, / ^^ ^ " " 

Que inch of mei-cury at 3 2°, ^ *i 334 „ „ 

Doe foot of air at zz\ and one ) ^.^^^^g 

atmosphere,.,., j ^^ " 

One foot of average sea water,. .... i -026 foot of pure water 

5. w«rk is expressed in units of weight lifted thvou^k aivvai 
«f height J as in lbs* lifted one foot, called /oot-pout'n.da ; 
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kilogrammeB lifted one metre, called kUogrammeir&s* (See SectioB 
XL of tliia|)art) 

A kilogrammetre ia 7 '23314 footr pounds* 
A foot-pound ia 0*138253 kilogram metre- 

6. Pow«r ia expressed in units of work done in an unit of time H 
as in foot-pounds jmr second, per minute, or per hour; or m\ 
conventional units called fwr^e-power. 

One Morm-Fott^cTt Biitiflh measurej = 550 fb.-lba* per second 
= 33i00o ft^-lbs. per minute = 1,980,000 ft. -lbs, per hour. 

One "Forc^ de Ch^val" French measure, ^75 kilogram metres 
per second =? 542^ ft. -lbs. per Becond near 1 j^ ^ 0^9 8^3 , 
British horse-powerp I 

One British horse-power = 1*0139 ^"^roe de cheval. 

7. The suuicai mfminii of a given weight relatively to a given 
vertical plane ia the product of the weight into its horizontal 
distance from that plane, and is expressed in the same sort of] 
units with work, 

Compa/rimn o/Mmmire& of SkUktd Mommt. 
inch-lbu zz ..-. ..;.,....,.. 0*011521 

13=3 I Ft.4K =:: , , 0^138253 

113^ 9i= ilncli-cwt= , 1*29036 

1^344 :== 112 s= i2i= I Foot'Cwt.^,.. ....*, 15*4843 

2,240^ i86f^ 20^ ^1= I Inch-ton = .....,. 25*8072 
36,880 z= 2,240 -= 240^ 20 ^ 12 ^r I Foot-ton ^ 309 -687 

8. Ab»0iiiie mil* »f FiM'ce.—The "Absolute Unit of Force" is i 
a texm used to denote the force which, acting on an nnit of m^aa j 
for an unit of time, produces an nnit of velocity^ 

The unit of time employed is always a second. 

The unit of velocity is in Britain one foot per second; in J 

Fmuce one metre per second. 
The unit of mass is the mass of so much matter as weighs one 

unit of weight near the level of the aea^ and in somoj 

definite latitude. 
In Britain the latitude chosen is that of London; in France^! 

that of Paria^ 
In Britain the unit of weight chosen is sometimes a gTBin«l 

sometimes a pound avoirdupois; and it is e^jual to 32*183 

of the corresponding absolute units of forces 
In France the unit of weight chosen is a gi-amme, and It isl 

equal to 9'8o37 of the corresponding absolute unite of force, f 

The proportions borne to each other by the absolute units of I 

force in different countries are nearly the same with those of thef 

nnits of work (see Article 5 of this Section), and would be exactlM 
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tlie Bame ^iit for tlie variation of the force of gravity in tho 
ktitiide. Gravity is about 1*00017 *ini^s greater in Loiidon tlimi 
in P^ria 



Section X.— Measures op Heat. 

i^ratarct or, Inlcniliy vf Heat. — 

Correi „ _ . 

Fabrenbei^ C(.<ntj,jfradeH^ fidaqmiir. 

212* 100* 80^ 

32" O** O* 



1, Te 

Btandam Points^ FaS^nfr^^'^ -'^ -^'^'^'"^ 



Boiling point of wat^r \ 
under one atmosphere, J 
Melting point of ice, ..»...,.. 
(Absolute zero ; known Ivj. r o ^ q o\ 

^ bytheoiyonly,.... } about- 461 2 - 274° -2i9°a) 

9* Fahrenheit =: 5* Centigmde :== 4' K§aumur, 

a 
Temp. Fahr. = - Temp. Cent. + 3^- 

g 
= J Temp. Eianm, + 32" 

Temp. Cent = ^ (Temp. Fahr. — 32^) = j Temp. R^um. 

4 4 

Temp. R^aim. = g (Temp. Fahr. — 32=) = g Temp. Cent. 

2. 4|iiaBtiiiH «r Meat are expressed in units of weight of water 
Leated one degree; as in pounds of water heated one degree of 
Fahr. (the British unit of heat) : or in kilogrammes of water 
teated one degi-ee Centigrade (the French unit of heat). 

Ooe French unit of he^t (called Calorie) ^ 3*96833 British nnitSp 
Odc British unit of heat = o'25i996 French unita 

Quantities of heat are sometimes abo expressed in units of 
fmporMion; that is, units of weight of water evapomted under 
tb pressure of ooe atmosphere. 

Heat which evaporates one Ih. j 
of water under one atmos* > =966^1 British unita of heat. 
phei-e,,,, ,.**.,, ..,...., ) 

X-^e rwCr!!- .r } =5367 Fr.uch.Bita of heat 
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CoMPARATiyE Table of Scales of Temperatube. 



Fahr. 

-58 

-49 
-40 

-22 

-13 

- 4 

+ 5 

14 

23 

32 

41 

50 

59 
68 

77 
86 

95 
104 

"3 
122 

131 
140 
149 
158 
167 
176 

185 
194 
203 
212 
221 
230 

239 
248 

257 
266 

275 

284 

^P3 
302 



Cent 
-50 

-45 

-40 

-35 
-30 
-25 

— 20 

-15 

— 10 

— 5 
o 

+ 5 
10 

15 
20 

25 
30 
35 
40 
45 
50 
55 
60 

65 

70 

75 
80 

85 
90 

95 
100 

105 
no 

"5 
J 20 

125 
130 

135 
140 

145 
150 



B^mn 

-40 
-36 
-32 
-28 
-24 

— 20 
-16 

— 12 

- 8 

- 4 
o 

+ 4 

8 

12 

16 

20 

24 

28 

32 
36 
40 

44 
48 
52 
56 
60 
64 
68 

72 
76 
80 

84 

88 

92 

96 

100 

104 

108 

112 

116 

120 



Fahr. 

3" 
320 

329 
338 
347 
356 
365 
374 
383 
392 
401 
410 
419 
428 

437 
446 

455 
464 

473 
482 
491 
500 

509 
518 

527 
536 
545 
554 
563 
572 
581 
590 
599 
608 
617 
626 

635 
644 

653 
662 
671 



Cent B^un. 



155 
160 

165 

170 

175 
J 80 
185 
190 

195 
200 
205 
210 

215 
220 
225 
230 

235 
240 

245 
250 

255 
260 
265 
270 

275 
280 
285 
290 

295 
300 

305 
310 

315 
320 

325 
330 

335 
340 
345 



124 
128 
132 
136 
140 

144 
148- 

152 
156 
160 
164 
168 
172 
176 
180 
184 
188 
192 
196 
200 
204 
208 
212 
216 
220 
224 
228 
232 
236 
240 

244 
248 
252 
256 
260 
264 
268 
272 
27^ 

2%\ 



Fahr. Cent B^iam. 



680 
689 
698 
707 
716 
725 

734 
743 
752 
761 
770 

779 

788 

797 
806 

815 
824 

«33 
842 
851 
860 
869 
878 
887 
896 
905 
914 
923 
932 
941 

950 
959 
968 

977 
986 

995 
1004 
1013 
1022 



360 288 

365 29a 

370 296 

375 300 

380 304 

385 3o« 

390 31a 

395 31^ 

400 3ao 

405 324 

410 328 

415 332 

420 336 

425 340 

430 344 

435 348 

440 352 

445 35^ 

450 360 

455 364 

460 368 

465 372 

470 376 

475 380 

480 384 

485 388 

490 39a 

495 39^ 

500 400 

505 404 

510 408 

515 4" 

520 416 

525 420 

530 424 

535 428 

540 432 

545 43^ 

550 440 

SS5 444 
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SEcnozr XL — Tables of Multipliers for Cokyertino 
Measures. 



diw^iOu. 8tti& 


letfas. sidflL 
I ... 
I ... 2 ... 

3 ••• 


Dedmala. 
'O3125 
•06250 
•08333 ... 
•09375 


12tha. 

I 


ethB. 


4thB. 8d& HalTeo. 


X ... 


, 2 ... 4 ... 
5... 


•12500 
•15625 












•16667 ... 


2 . 


.. I 






3... 6... 


•18750 










7 ... 


•21875 








X ••• 3 ••• 


, 4... 8... 

9... 

5 ... 10 ... 


•25000 ... 

•28125 

•31250 


3. 


.. . 


.. I 






•33333 ... 


4. 


.. 2 ., 


.. ... I 




II ... 


•34375 








3... 


6 ... 12 ... 
13... 

7... 14... 
15... 


•37500 
•40625 
•41667 ... 
•43750 
•46875 


5 






I ... 2 ... 4 ... 


8 ... 16 ... 

17... 

9 ... 18 ... 

19... 


•50000 ... 

•53125 

•56250 

•58333 ... 
•59375 


6 . 

7 


.. 3 . 


.. 2 ... ... I 


5... 


. 10 ... 20 ... 
21 ... 


•62500 
•65625 












'66667 ... 


8.. 


.. 4 . 


.. ... 2 




II ... 22 ... 


•68750 










23 ... 


•71875 








3 ... 6 ... 


12 ... 24 ... 

25... 

13 ... 26 ... 


•75000 ... 

•78125 

•81250 


9. 


.. . 


.. 3 






•83333 ... 


10 .. 


.5 






27... 


•84375 








7... 


14 ... 28 ... 

29... 

15 ... 30 ... 

31 ... 


•87500 
•90625 
•91667 ... 
•93750 
•96875 


II 






9 ... 4 ... 8 ... 


26 ... 32 ... . 


I'OOOOO ... 


12 . 


.. C , 


... i^... •^...'1 
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The values, in decimals, of the binary fractions are exact Those 
of duodecimal fractions which are not also binary fractions^ are 
approximate only. 

2. naltlpllcn f«r C«BTertteg Britlsk He 





A.-Link8 
into 


R— Feet Into 
Thinks. 


C— Square 
Links into 


D.— Square 
Feet into 






Feet 


Square Feet 


Square Links. 




I 


0-66 


1-5x515 


o-435<5 


22957 


I 


2 


1-32 


303030 


0-8712 


4-59x4 


2 


3 


198 


4-54545 


13068 


6-8871 


3 


4 


264 


6-06061 


1-7424 


9-1827 


4 


5 


330 


757576 


2-1780 


11-4784 


5 


6 


396 


9*09091 


2-6136 


X3-774I 


6 


7 


4-62 


10-60606 


30492 


160698 


7 


8 


5-28 


12-12121 


3-4848 


18-3655 


8 


9 


594 


13-63636 


3.9204 


20-6612 


9 


lO 


660 

R-Mean 


15-15x53 

F.-Statat» 


4-3560 


229568 


10 




Geographical 

Miles Into 
Statute Miles. 


Miles into Mean G.— Tons 


H.-Lb«. 






Geogjphical 


intoLbs. 


intoTona. 




I 


1x51 


0-869 


2,240 


•0004464 


I 


2 


2-302 


1-738 


4.480 


-0008929 


2 


3 


3-453 


2-607 


6,720 


•0013393 


3 


4 


4-603 


3476 


8,960 


•0017857 


4 


5 


5754 


4:345 


11,200 


•0022321 


5 


6 


6905 


5-214 


X3»440 


•0026786 


6 


7 


8-056 


6083 


15,680 


'OO31250 


7 


8 


9207 


6952 


17,920 


•00357x4 


8 


9 


IO-357 


7-821 


20,160 


•0040179 


9 


lO 


11-508 


8-690 


22,400 


•0044643 


10 




1— TonB 


J.— Cubic Feet 
into Tons 


K— Lba. on the 


L.— Lb&on 






Displacement 
into 


Square Inch 
into Lbs. on the 


the Square Foot 
into Lbs. on the 






Cubic Feet 


Square Foot 


Square Inch. 




I 


35 


•02857 


144 


-00694 


I 


2 


70 


•05714 


288 


•01389 


2 


3 


105 


•08571 


432 


•02083 


3 


4 


140 


•11429 


576 


•02778 


4 


5 


175 


•14286 


720 


•03472 


5 


6 


210 


•17143 


864 


•04167 


6 


7 


245 


•20000 


1,008 


•04861 


7 


8 


280 


•22857 


I,X52 


•05556 


8 


P 


3^5 


•257 u 


1,296 


•06250 


9 


ro 


350 


•28571 


Ij^^O 


•o^9\\ 


-v^ 



oomrEBSioir tables. 



109 



Kt-LlMiATeir 


K.~GTBlnBinto < 


DL-OnUoFeet 


P.--Ganon8 into 


iatoanliiib 


Lta.AToir. 


into Gallons. 


CuUc Feet 


I 7, 


000 


0-000142857 


6-3355 


0*16037 I 


» 14, 


000 


0-000285714 


12*4710 


0*32074 2 


3 31,000 


0-000428571 


187065 


0*48112 3 


4 »8. 


000 


0*000571429 


24*9420 


0*64149 4 


S 35> 


000 


0*000714286 


311775 


0*80186 5 


6 42, 


000 


0*000857143 


37-4130 


0*96223 6 


J 49. 


000 


0*001000000 


436485 


1*12260 7 


8 S6, 


000 


0*001142857 


498840 


1*28298 8 


9 63, 


000 


0-001285714 


46*1195 


1-44335 9 


10 70, 


000 


0*601428571 


62*3550 


1*60372 10 


Qr-YaloM of Dedmal FractloiM of a Ponnd Sterling in Shillings and Pence. 


£ 


A 


d 


£ 8. d. 


£ 8. d. 


■001 = 





0*24 


•01 = 2-4 


*I = 2 


•OOJ 





0-48 


-02 4*8 


*2 4 


•003 





0-72 


•03 7*2 


•360 


'004 





0-96 


•04 9*6 


*4 8 


ws 





I -20 


•05 : 


t o-o 


•5 10 


we 





1-44 


•06 ] 


t 2-4 


-6 12 


M 





1-68 


•07 


1 4-8 


•7 14 


•008 





1-92 


•08 


I 72 


•8 16 


•009 





2-i6 


•09 


1 9-6 


•9 18 


H-TtbiM «( VMthliigs, Fnu^ and Sfalllii] 


igB in Decimal ] 


i'ractionB of a Pound 


taUBgn 




£ 


ShillingB. 


£. 






•0010417 


1 


•05 






'0020833 


2 


•10 






'0031250 


3 


•15 


taca 






4 


•20 






•004167 


5 


•25 


U 




'006250 


6 


•30 






•008333 


7 


•35 


3 




•012500 


8 


•40 


4 




•016667 


9 


•45 


4i 




•018750 


10 


•50 


5 




•020833 


II 


•55 


6 




•025000 


12 


•60 


7 




•029167 


13 


•65 


2* 




•031250 


14 


•70 


8 




•033333 


15 


•75 


9 




•037500 


16 


•80 


10 




•041667 


17 


•85 


loj 




•043750 


18 


•90 


II 




-041 


5833 


19 


•95 
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HEASUBESL 



4. MULTIPLIEBS FOB CONYEBTIKa BbITISH AND FrEKCH 

Measures. 





A.-Metro8 


R-Feet 


C— -liOllImetres 


D.— Inches 




into 


into 


into 


into 




Feet 


Metres. 


Inches. 


Millimetres; 


I 


3-2809 


0-3048 


•03937 


25400 


2 


6-5618 


0-6096 


•07874 


50799 


3 


9-8427 


0-9144 


•II81I 


76199 


4 


I31236 


I-2192 


•15748 


101-598 


5 


16-4045 


1-5240 


•19685 


126*998 


6 


19-6854 


1-8288 


•23622 


152-397 


7 


22-9663 


2-1336 


•27560 


177-797 


8 


26-2472 


2-4384 


•31497 


203-196 


9 


29-5281 


2-7432 


•35434 


228-596 


lO 


32-8090 


30479 


•39371 


253995 






F.— Square Feet 
into 


G.— Square H 


.—Square Inch< 




into 


Millimetres into 


into Square 




Square Feet 


Square Metres. 


Square Inches. 


Millimetres. 


I 


10-764 


'O929 


•OOI550I 


645-14 


3 


21-529 


•1858 


•OO3IOOI 


1290-27 


3 


32-293 


•2787 


•0046502 


1935-41 


4 


43-057 


•3716 


•0062002 


2580-55 


5 


53821 


'4645 


•0077503 


3225-68 


6 


64-586 


•5574 


•0093004 


3870-82 


7 


75350 


•6503 


•0108504 


4515-96 


8 


86-114 


•7432 


•0124005 


5161-IO 


9 


96879 


•8361 


•0139505 


5806-23 


lO 


107643 


•9290 


•0155006 


6451-37 




I-CnMcMetrea 


J.-OnbicFeet : 




L.— Cubic Inc 




into 


into 


into 


into 




Cubic Feet 


Cubic Metres. 


Cubic Inches. 


Cubic Millimel 


I 


35*317 


•028315 


•00006103 


16836 


2 


70-633 


•056631 


•00012205 


33672 


3 


105-950 


-084946 


•00018308 


50508 


4 


141-266 


•II3261 


•OOO244II 


67344 


5 


176583 


•141577 


•00030514 


84180 


6 


211-900 


•169892 


•00036616 


IOIO16 


7 


247216 


'I98207 


•00042719 


II7852 


8 


282-533 


•226522 


'OOO48822 


134688 


9 


317849 


•254838 


•00054924 


151524 


10 


353'i66 


•283153 


•00061027 


168360 



OONYXBSION TABLE& 
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MULTIPLIESS FOR CoNVERTINa BRITISH AND FRENCH 

Measures— cfmfo'ni^. 





K.— Grammes 


N.-Orain8 


C— Kilogrammes 


P.-Lbs. 






into 


into 


into 


into 






GtbIub. 




Lbs. 


Eilogrammes. 






154323 


•06480 


2-2046 


04536 


I 




30-8647 


•12960 


4-4092 


0*9072 


2 




46-2970 


•19440 


6-6x39 


1-3608 


3 




617294 


•25920 


8-8x85 


1-8144 


4 




77-1617 


•32399 


II -0231 


2*2680 


5 




92-5941 


•38879 


13-2277 


2*7216 


6 


1 


108*0264 


•45359 


154323 


3-1751 


7 


8 


123-4588 


•51839 


17-6370 


3*6287 


8 


9 


138-8911 


•58319 


19-8416 


4-0823 


9 


[0 


154-3235 


•64799 


22-0462 


4-5359 


10 




Q.— Tomieaux 


R— Tons 


&— Litres 


T.— Gallons 






into 


into 


into 


into 






TQn& 


Tonneanx. 


Gallons. 


litres. 






0-9842 


i'oi6o 


0*2202 


4-541 


T 




1-9684 


2-0321 


0-4404 


9-082 


2 




2-9526 


3-0481 


06606 


13-623 


3 




3.9368 


4-0642 


0-8809 


18-164 


4 




4-92x0 


5-0802 


T-IOXI 


22*705 


5 




59052 


6-0963 


1-32x3 


27*246 


6 




6-8894 


7-II23 


1-5415 


31*787 


7 




7-8736 


8-1284 


1-76x7 


36*328 


8 


9 


8-8579 


9-1444 


1-98x9 


40*869 


9 


10 


98421 


io'i6o5 


2-202li 


45*4x0 


10 



W.— Kilogrammes X.— Lba. on the 
u^-SOogrammetres V.— Foot-Lbs. on the Square Square Inch into 
LQto into Millimetre into Lbs. Kilogrammes 

Foo^Lba. KUogrammetres. on the on the Sqimre 

Square Inch. Millimetre. 



7-233 


0-13825 


1422 


•000703 


I 


14-466 


0-27651 


2845 


•001406 


2 


21*699 


0-4x476 


4267 


•002x09 


3 


28*933 


0-55301 


5689 


•0028x2 


4 


36166 


0-69x26 


7III 


•003515 


5 


43-399 


0-82952 


8534 


•0042x9 


6 


50-632 


0-96777 


9956 


•004922 


7 


57-865 


1*10602 


1x378 


•005625 


8 


65-098 


1*24428 


I280I 


•00632^ 


\ 


72-331 


1-3^253 


14223 


•007031 


ic 
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MULTIPUEBS FOR CONVERTmG BRITISH AND FrEITCH 

Measures — continued. 





T.— Kilometres 
into 


into 


AA.— Hectares 
into 


BB.— Acres 
into 




Miles. 


Kilometres. 


Acres. 


Hectarea 


I 


0-6214 


1-6093 


24711 


0-4047 


2 


1-2428 


3-2186 


4-9423 


08093 


3 


1-8641 


• 4-8280 


7-4134 


i-2];40 


4 


2-4855 


6-4373 


9-8846 


1-6187 


5 


3-1069 


8-0466 


12-3557 


20234 


6 


37283 


9-6559 


14-8268 


2-4280 


7 


4*3497 


11-2652 


. 17-2980 


28327 


8 


4-97 II 


12-8746 


197691 


3-2374 


9 


55924 


14-4839 


22-2403 


36420 


lO 


6-2138 


160932 


247114 


4-0467 




CO.— Francs 


DD.-£ 


EE— Francs 


FF.— Pence 




into 


into 


into 


into 




£. 


Franca 


Pence. 


Franca 


I 


•03965 


2522 


9-516 


0-10508 


2 


•07930 


50-44 


19-033 


021017 


3 


•II895 


75-66 


28-549 


0-31525 


4 


•15860 


IOO-88 


38-065 


0-42033 


5 


•19826 


12610 


47-581 . 


0-52542 


6 


•23791 


151-32 


57-098 


063050 


7 


•27756 


176-54 


66614 


073558 


8 


•3172I 


201-76 


76-130 


0-84067 


9 


•35686 


22698 


85-646 


0-94575 


lO 


•39651 


252-20 


95-163 


1-05083 



5. Conversion of Velocities. 





A.— Miles 


R-Feet 


C— Knots 


D.— Feet 




per Hour into 


per Second into 


into 


per Second 




Feet per 


Miles per 


Feet per 


into 




Second. 


Hour. 


Second. 


Knota 


z 


1-467 


0-682 


1-688 


0-592 


2 


2-933 


1-364 


3-376 


1-185 


3 


4-400 


2-045 


5-064 


1-777 


4 


5-867 


2727 


6-752 


2-370 


5 


7-333 


3409 


8-439 


2-962 


6 


8 -800 


4-091 


10-127 


3555 


7 


10-267 


4-773 


11-815 


4147 


8 


"-733 


5-455 


13-503 


4740 




13-200 


6136 


15-191 


5-332 




1 466 J 


6-818 


i6-^l9 


^•9^^ 



V 



OOHVXBfllOV TABLEa 11-5 

CoNTERSiON OF Yelogities — Continued. 

Angular Velocity. 





K-KnotB Into 


F.~Me1z«8per 


Q.— Turns per 


H.— Circular 






Metros per 
Beoona. 


Second into 


Second into 


Measure into 




' 


Knots. 


Circnlor Measnrei Turns per Second. 






o'5M4 


1-944 


6-28 


0-I59 


I 




10288 


3-888 


12-57 


0318 


2 




1-5432 


5832 


1885 • 


0-477 


3 




2-0576 


7776 


2'5-i3 


0-637 


4 




25720 


9720 


31-42 


0796 


5 




3-0864 


11-664 


. 3770 


0-955 


6 




36008 


13-608. 


4398 


1-114 


7 




41 152 


15-552 


50-27 


1-273 


8 


9 


4-6296 


17-496 


56-55 


1-432 


9 


10 


5-1440 


19-440 


6283 


1-592 


10 



6. COKVEBSION OF PRESSURES IN AtMOSPHERE& 



Lb&on 


Lbs. on the 


Eilogranunes 


Millimetres 


Inches 


Feet 


the 


Square 
Foot 


on the 


of 


of 


of 


Square Inch. 


Square Metre. 


Mercury. 


Mercury. 


Water. 


14-7 


2I16 


10333 


760 


29*922 


33*9 


294 


4233 


20666 


1520 


59-844 


678 


44-1 


6349 * 


30999 


2280 


89765 


1017 


58-8 


8465 


41332 


3040 


1x9-687 


135-6 


73-5 


10581 


51665 


3800 


149*609 


169*5 


88-2 


12698 


61998 


4560 


179-531 


203*4 


102-9 


14814 


72331 


5320 


209-453 


2373 


117-6 


16930 


82664 


6080 


239374 


271*2 


1323 


19047 


92997 


6840 


269296 


3051 


147-0 


21163 


103330 


7600 


299-218 


339*0 
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PAET III. 

RULES IN ENGI]SrEERING GEODESY. 

Sbchon I. — Rules depending on the Dimensions and Figure 
OP THE Earth. 

1. BaMh's Principal ]>iHieHiii«iu (according to Captain Clarke, 
Memoirs of the Royal Astronomical Society, Vol. xxix.) — Longitude 
of the earth's greater equatorial axis, about 14° east of Greenwich. 
Longitude of the earth's lesser equatorial axis, about 76° west of 
Greenwich. 

Feet Metres. 

Greater equatorial axis, 41,852,97a 12,756,555 

Lesser equatorial axis, 41,842,354 ^753>32o 

Mean equatorial diameter, 41,847,662 12,754,937 

Polar axis, 4Ij7o7>53^ 12,712,227 

Mean between mean equatorial ) ^*.^^ ,».«.-o 

diameterand polaraxis, / 41.777,599 12,733,582 

In the present state of our knowledge, calculations of the earth's 
dimensions are not to be relied on beyond the fifth figure. 

2. HiBBte •f lAtitHde. — Length on the earth's surface corre- 
^ding to a minute of the mean meridian; 

in feet = 6076 — 31 cos • 2 latitude of middle of arc; 

in metres = 1852 — 9*4 cos • 2 latitude of middle of arc; 
(olwenring that cosines of obtuse angles have their signs reversed.) 
These formuke are correct, for any meridian, to the nearest foot, 
tod to the nearest A of a metre. 

3. auaate •f Prime Tertical (being the great circle perpendicular 
to tbe meridian), 

. « __ 12214 + length of minute of meridian ^ 
m lee w — o ^ 

^ 3723 + length of minute of meridian 
in metres = « 

4. BUnrte •f liangitade. — For its length multiply the length of 
uninute of the prime vertical by the cosine of the latitude. 

0. Bxpluuulmt ef Table. — The following table gives the results 
[ rf the three preceding rules in feet, correct to the nearest foot^ iot 
latitades at interyals of one degree^ from 0° to 90° ; — 
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BULKS nr ENGINEEaiNO OEODEST. 



Lai 




MiiLpr.T. 


o°. 


. 6086 


.. 6086 


I . 


. 6085 


.. 6086 


2 .. 


. 6083 


.. 6086 


3 •• 


. 6078 . 


.. 6086 


4 •• 


. 6071 . 


.. 6086 


5 • 


. 6063 


.. 6086 


6 ., 


. 6053 , 


.. 6087 


7 • 


. 6041 


.. 6087 


8 . 


. 6027 


.. 6087 


9 • 


. 6012 


.. 6087 


lO . 


. 5994 


.. 6087 


n . 


. 5975 


... 6087 


12 . 


. 5954 


.. 6087 


13 • 


. 5931 


.. 6087 


14 . 


. 5907 


... 6088 


15 • 


. 5880 


.. 6088 


i6 . 


.. 5852 


.. 6088 


I? • 


.. 5822 


.. 6088 


i8 . 


.• 5790 


.. 6088 


19 . 


. 5757 


.. 6089 


20 . 


. 5721 


.. 6089 


21 . 


.. 6684 


.. 6089 


22 . 


.. 5646 


.. 6089 


23 • 


.. 5605 


.. 6089 


24 . 


. 5563 


.. 6090 


25 • 


.. 5519 


.. 6090 


26 . 


.. 5474 


.. 6090 


27 . 


. 5427 


.. 6091 


28 . 


. 5378 


.. 6091 


29 . 


. 5327 


.. 6091 


30 • 


.• 5275 


.. 6092 


31 • 


.. 5222 


.. 6092 


32 . 


. 5166 


.. 6092 


33 • 


.. 5109 


.. 6092 


34 • 


.. 5051 


.. 6093 


35 • 


. 4991 . 


.. 6093 


36 . 


" 4930 


.. 6093 


37 . 


. 4867 


.. 6094 


38 . 


.. 4802 


.. 6094 


39 • 


. 4736 


.. 6095 


40 . 


.. 4669 


.. 6095 


41 • 


.. 4600 • 


.. 6095 


42 . 


.. 4530 


.. 6096 


43 • 


.. 4458 . 


.. 6096 


44 . 


.. 4385 . 


.. 6096 


* 


. 43^1 . 


.. 6o^j 



Mia Lai 
6045 
6045 
6045 
6045 
6045 
6045 
6046 
6046 
6046 
6047 
6047 
6047 
6048 
6048 
6049 
6049 
6050 
6050 
6051 
6052 
6052 

6053 
6054 
6054 

6055 
6056 
6057 
6058 
6059 
6060 
6061 
6061 
6062 
6063 
6064 
6065 
6066 
6067 
6068 
6070 
6071 
6072 
6073 
6074 
6075 
6076 



BfiiLLat 


Mhi. pr. T. 


HiiLLoiig. 


Lat 


6107 


.. 6107 ... 


. 


.90- 


6107 


.. 6107 ... 


107 . 


.89 


6107 


.. 6107 ... 


213 .. 


. 88 


6107 


.. 6107 ... 


320 ., 


.87 


6107 


.. 6107 ... 


426 .. 


. 86 


6107 , 


.. 6107 ... 


532 .. 


.85 


6106 , 


.. 6107 ... 


638 . 


.84 


6106 


.. 6107 ... 


744 . 


.83 


6106 


.. 6107 ... 


850 ., 


. 82 


6105 


.. 6106 ... 


955 • 


. 81 


6105 


.. 6106 ... 


1060 . 


. 80 


6105 


... 6106 ... 


1 165 . 


. 79 


6104 


.. 6106 ... 


1270 . 


.78 


6104 


.. 6106 ... 


1374 . 


.77 


6103 


.. 6106 ... 


1477 . 


.76 


6103 


.. 6106 ... 


1580 . 


..75 


6102 


.. 6105 ... 


1683 . 


.74 


6102 


.. 6105 ... 


1785 . 


.73 


610I 


.. 6105 ... 


1887 . 


..72 


6100 


.. 6105 ... 


1988 . 


.71 


6100 


.. 6105 ... 


2088 . 


.. 70 


6099 


.. 6104 ... 


2188 . 


..69 


6098 


.. 6104 ... 


2287 . 


.. 68 


6098 


.. 6104 ... 


2385 . 


..67 


6097 , 


.. 6104 ... 


2483 . 


. 66 


6096 . 


.. 6103 ... 


2579 • 


..65 


6095 , 


.. 6103 >.. 


2675 . 


.64 


6094 . 


.. 6103 ... 


2771 . 


.63 


6093 . 


.. 6102 ... 


2865 . 


. 62 


6092 . 


.. 6102 ... 


5958 . 


.. 61 


6091 . 


.. 6102 ... 


3051 • 


.. 60 


6091 . 


.. 6102 ... 


3142 . 


.. 59 


6090 . 


.. 6101 ... 


3233 . 


.. 58 


6089 , 


.. 6101 ... 


3323 • 


• H 


6088 


.. 6101 ... 


3413 . 


.56 


6087 . 


.. 6100 ... 


3499 • 


. 55 


6086 . 


.. 6100 ... 


3586 ., 


. 54 


6085 , 


.. 6100 ... 


3671 . 


. 53 


6084 . 


.. 6099 ... 


3755 • 


. 52 


6082 . 


.. 6099 ... 


3838 . 


. 5^ 


6081 . 


.. 6098 ... 


3920 . 


. 50 


6080 . 


.. 6098 ... 


4001 .. 


. 49 


6079 , 


.. 6098 ... 


4080 . 


. 48 


6078 . 


.. 6097 ... 


4158 . 


. 47 


6077 . 


.. 6097 ... 


4235 • 


. 46 


Go*] 6 


... 609^ •., 


^^^^ • 
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ASC OP GREAT CmOLE — TRUE AZIMUTIL 
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6» ailBHic of » Greut Circle In ati^ AElmnih. — AlumtUll IS the 
angle which a given verticid plaue trarei-giug a station makee witt 
the plane of the inoridian of that statioii. Let m den ate tha length 
of a minute of the meridian, and^ the length of a mitinte of the 
j>rime vertit^j at the latitude of the middle of the arc to 
meaEured; then the length ref^^nired 



j? + m p'^fn 



^ C03 2 azimuth; 



ohserving, that when the azimuth exceeds 45% the second term 
id the formula is to be added, instead of suhtractetl 

Example I, — In latitude 60°, requited the length in feet of one 
minute of a great circle on the eai'th'a surface whose azimuth is 30^. 




p 4- Tfh 



6102 + 6091 12193 



p — w* 

X cos eo"* = 



11 



= 5-5 feet 
05 



Product to be subtracted,, 



6096-5 feet 



375 



Length reqtiiredj to then earest foot, ... 6094 feet 

Example IT.— 1b the same latitndej let the azimuth be 60*^; 
then 60'' X 2 = 120^", an obtuse angle, whose cosine is = — coa 
(IW -^ 120^) = - cos 60" = - 0-5, 

E^tJ? as l>efore, .„..„. 6096 5 feet _ 

/^^^ = 5'5\ X 0'5 (to be added) = 2-75 



Length required, to the nearest foot, 6099 feet 

6a c^^niniiicd Arc. — Divide the distance between two atationa 
lj^ the length of a minute on the great circle through them; the 
quotient will be the contained arc in minutes. 

T. T« find liie True Aztniiilh of a lllatloii-L.ltie« 

t Bi/ t/te Two grml€3i Elongations of a Circumpoiar Star. — 
Olwerve the greatest and leaat horizontal angles nmde by a star 
ttear the pole with the station -line when the star is at its greatest 
diafcRDcee east and west of the pole, and take the mean of thos# 
luglea, which ia the true azimuth of the station-line. In the 
aofthem hemisphere the Pole-etar, « Ursse Minoris, is the best 

This method is seldom practicable with an ordinary theodolite 
^ in general one of the observations must be made by daylight 

IL % equai AliUttdks of a Star, — The theodolite being at a 
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station in tHe station-line chosen, measure the horizontal angle from 
the station-line to any star which is not near the highest or lowest . 
point of its apparent daily course, and take also the altitude of that 
star. Leave the vertical circle clamped, and let the instrument 
remain undisturbed until the star is approaching the same altitude 
at the other side of its apparent circular course. Then, without 
moving the vertical circle, direct the telescope towards the star, 
clamp the vernier-plate, and by the aid of its tangent-screw follow 
the star in azimuth with the cross wires until it arrives exactly at 
its former altitude, as is shown by its image coinciding with the 
cross wires ; then measure the horizontal angle between the new 
dii'ection of the star and the station-line: the mean between the two 
horizontal angles will be the true azimuth of the station-line.* 

In both the preceding processes it is to be understood that the 
rman of two horizontal angles means their half-sum when they are 
at the same side of the station-line, but their half-difference when 
they are at opposite sides. 

The second method may be applied to the sun, observing the 
sun's west limb in the forenoon and east limb in the afternoon, or 
vice versd ; but in that case a correction is required, owing to the 
sun's change of declination. When the sun's declination is chang- 
ing towards the < +i> r > *^® approximate direction of the meri- 
dian, as found by the method just described, is too far to the 
I l^ft I ' ^^^ correction required is given by the formula,t 

change of sun's declination , ... ■. 1 •■ 
^ X sec • latitude x cosec 5 angular 

motion of sun between the observations. 

III. By One greatest Elongation of a Circiimj)olar Star, — To use 
this method, the declination of the star, and the latitude of the 
place, should be known. Then 

sin • azimuth of star at greatest elongation 
= cos • declination -7- cos • latitude; 

and that azimuth, being added to or subtracted from the horizontal 
angle between the station-line and the star, when at its greatest 
elongation (according as the station-line lies to the same side of 

* In observing at night with the theodolite, it is necessary to throw, by 
means of a lamp and a small mirror, enough of light into the tube to make 
the cross wires visible. 

t At the equinoxes, the rate of change of the sun's declination is about 
59" per hour; and it varies nearly as the cosine of the son's right 
ascension. 
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Qerldian with the starj or to the opposite sdde) gives the 
buth of the 8ta,ti on-line * 
XT. By observing tfie AUUwda of a Si^r^ and tJte Horizonial 
iufjlt hetitimii it and tits Station-Line. — The altitude being corrected 
fof refraction^ the azimuth of the star is computed by titkiug the 
anith distance, or complement of that altitude, the polar distance t 
iof tlie star, and the co-latitnde of the place, as the tbree sides of 
it spherical triaDgle; wlien the azLmuth of the star will be the 

• Tbe follnwing h a table of tbe declinatioTia of a few of the more con* 

ipiciirms stars for tbe lat of Janimry, 1865^ together with the annual rat© at 

I ibic ta those decli nations are cha»giiig, + deDoting iQcreaati}^ and — diuiieiu- 

NORTHERN HEMISPHERE. 

S7AK Korth I>eelIiLa.tiotL Bate of Aantukl Vaila^oiL 

« Andromedrnj «, 28=* 20' 42^ + W'B 

a UrsiE Miuoris (Pole-Star), » §8 35 23 +19-2 

a Arietia,.,,,... „„„„„.,....„ 22 49 21 + 17 12 

« Ceti, » ......„..» 3 a^ 28 + 14 ^4 

tt Petsei,......, „ ,. 49 22 39 +13-2 

H Tann(Ald©baraD),..,. Ifi 14 6 + 7 U 

a Aurigse jCapella) ,».» 45 51 24 +4*2 

ft Oriotiis (Betelgeuze), 7 22 43 +11 

a Geminomm (Caatar) « 32 10 62 —7** 

a Canis Minoria (Procyon) »-.» 5 34 7 — 8 "9 

# Cemmorum (Pollux ),.....-.....*,.. 2g 20 57 ^ B "^ 

ffl l^tiis(Kei,tLliia), , ,,h.,..**, 12 37 33 — 17 '4 

a Urgae Maioris, ,.., 62 28 44 — 19 '4 

n ITrsse Majoria, ,... ..49 59 17 ^ IS 1 

a BootislArcturofl),,. 1& 53 12 — IS -9 

a Opbiuchi, .,..»......» 12 39 39 — 2 •& 

a lyrse(Vegft) „m*,.. 3& 39 SG + 3 1 

« Aqmla5tAltair),.»»» 8 3<) 51 +9-2 

« Cygni,.,. ...:„ 44 47 58 +12 7 

« P^gaal (Markab), 14 28 46^ + 19 "3 

SOUTHEEN HJEMTSPHEKE. 

Btail Sontli DflcllcatioiL Sate of Atmosl V&rl&tiaiL 

B Orionk (Eigel), <. .» 8" 21' 38* — 4''-5 

« Colnmbfie ...,„...,*„ 34 8 61 — 2 IS 

a AtK^a (CanopusL. 52 37 23 + 1 "S 

a Canis Maoris (SMus), ...<.......- 16 32 1 +4-6 

* Hydns, 8 4 31 + 15 '4 

IT Argua 58 68 29 + 18 7 

a Cnida, 62 20 5S.'B +19-9 

a Vir^nnia(Spica),...... 10 27 21 +18-9 

tt Ceatauii,.... 60 16 24 + IS D 

a Seorpii (Antares). 36 7 46 +8^4 

a Triao^ AuHtralifl, G8 46 27 + 7 '4 

a Pavonis, 57 9 49 —111 

a iiruis, .„... 47 3G 46 —17-2 

a Piacia Ausfcralis (Fonmlhaut),.,. 30 20 13 — 19 tl 

iJift pokr distance h the compkmeat of the decHnatioa, 
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angle opposite the side representing the polar distance. Tho 
azimuth of the station-line is then to be found as in Method IIL 

V. Approximate Metliod by observing certain 
Stars. — In the northern hemisphere a meridian- 
line may be fixed approximately by observing, 
with the aid of a plumb-line, the instant when 
the Pole-star A, and the star Alioth (« TJrsse 
Majoris), appear in the same vertical plane. The 
Pole-star is marked A in fig. 36. 

8. Angle between Two MeridianB. — ^Whentwo ^, 
points on the earth's surface have the same ^ * ^ 
latitude, but different longitudes, the horizontal .^ ^ 
angle made by their meridians with each other is ^ -..^ 
found by the following equation : — '^' * 

sin ^ horizontal angle = sin ^ difference of long, x sin • lat. 

9. Airtronomieal Befraecion. — ^The correction for. refraction is 
always to be subtracted from an altitude. It may be found in 
seconds approximately by the following formula : — 

Refraction = 08" x cotan apparent altitude. 

For more exact information on the subject, see a paper by the 
Rev. Dr. Robinson in the Transactions of the Royal Irish Academy^ 
vol. xix. Tables of Refraction are given in treatises on. Naviga- 
tion, such as Raper's. 

Below about 8° or 10° of altitude the changeable condition of the 
atmosphere makes the correction for refraction very uncertain. 

10. Dip of the Sea^Horizon, in seconds = J (height of station in 
feet) X 57"*4, nearly. 

1 1. To And the liaCitade of a Place* 

MiJTHOD I. By the Mean Altitude of a Circumpolar Sta/r, — Take 
the altitudes of a circumpolar star at its upper and lower culmina- 
tions (which positions are known by watching for the instants when 
the altitude is greatest and least). From each of those appareni 
altitudes subtmct the correction for refraction; the mean of the 
t/rue altitudes thus found is the latitude of the place. 

Method II. By One Meridian Altitude of a Star, — Observe the 
meridian altitude of a star by watching for the instant when its 
altitude is greatest or least, and subtract the corrections for 
refraction, and also for dip, if necessary. The complement of the 
true altitude is the zenith distance. Find the declination of the 
star from the Nautical Ahnanac (which is published four years in 
advance.) 

Then if the star is between the zenith and the equator, 

Latitude = Zenith distances- Declination; (1.) 



nXDINO THE LATITUDE. 
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If the star is between the equator and the horizon^ 

Latitude == Zenith distance — Declination; „,,*.(2.) 

If tbe star is between the zenith and the elevated poJe, 

Latitude ^ Declination — Zenith distance j (3,) 

If tbe star is between tbe eleTated pole and the horizonj 

Latitude ^ 180"' — Declination — Zenith distance j **.(4.) 

Method III. B^ tJte Sun^s Meridmn AUUude, — In this metbod 
tbe final calculationj from tbe sun's declination, as found in the 
Niiutical Abnan(t&j and tbe true altitude of his centre, is tbe same 
fts in Method IL But besides the con-ectiou for i-efraction and 
dip^ tbe altitude requires to be fui'ther corrected by subtracting or 
adding the sun*g semidiameter, accoixliug as his upper or lower 
bmb has been observed, and hy adding tbe sun's piarallax, being 
tbe angle subtended at tbe suu by tbe dostanee between the eartb*s 
centre and tbe place of observation. 

To find the correction for parallax, find tbe sun'a horizontal 
paraUaat on the day of observation ^ from tbe Naidical Almanac j and 
^^multip]y it by tbe cosine of the altitude of the sun's centre, 
^^m (The mean value of tbe sun*s horizontal parallax is about S"'G). 
^^H Tbe sun's semidiamcter on the day of observation is to be found 
rm m the ^auliatd Almanac It varies fi*om 15' 46" to 16' 18", 
^L The calculation may be thus set down algebraically — 



[ True altitude ^ apparent altitude — Dip (if the sea- ' 
< horizon baa been observed)— Refraction : 
[ semidiameter + parallax; .<...,. 



'•) 



Zenith distance ^ 90"" — true altitude, (6.) 



latitude (see Equations 1, 2, 3, 4). 

Equations 1 and 2 arc tbe most frequently applicable to tbe ann. 
Eqnation 3 is occasionally applicable between tbe tropics; and 
Equation 4 relates to observations made at midnigbtj in anmmer, 
b the polar regions. 

12, Tke lK«ei*iic« «r T^ittitude of two stations near each other 
is best found by observing the difference of the meridian alti- 
tudes or zenith diataneeB of the same star as seen from the two 
stations. 

13. Ta Menfttirfl a Bwie-Ijliie for a Eurrvj ApproxImntCilyi br 
I^iiittdt*.— Tlic stations for the two ends of the base-line should be 
within sight of each other; not less than about fifty miles apart, if 
poaaiblcj and as nearly as possible in the same meiiO^iCL 
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Take the true azimuth of the base-line by Rule 7 ; and, if possible, 
take it fi*om both stations^ and take the mean of the results, which 
will be slightly different. 

Take the latitudes of both stations by Rule 11, and the difference 
of their latitudes by Rule 12. The difference should be taken with 
the utmost possible precision ; the absolute latitudes need not be 
determined so closely. Take the mean or half-sum of those 
absolute latitudes. 

Multiply the difference of latitude by the secant (or divide by 
the cosine) of the azimuth; reduce the angle so found to minutes 
and decimal fractions of a minute; multiply it by the length cor- 
responding to a minute of a great circle in the given mean latitude 
and azimuth (see Rule 6 ); the product will be the required length 
of base, correct to about one-6,000th part of itself 

Example. — Suppose the data to be as follows : — 

Mean azimuth, 30® 

Mean latitude, 60® 

Difference of latitude, 50' 

Then,— 

Difference of latitude _ 50' __ kt'.t^^'s 

cos azimuth "" '86603 "" 

X Length corresponding to one minute,") 
as already computed in Example 1 of > 6,094 feet. 

Rule 6, 3 

Length of base required, 351,837 feet. 

Which is correct to the nearest 60 feet, or thereabouts. 

14. To Reduce an EleTated or "Depreamed Base to the I<eTel 

of the Sea.— Multiply the base as measured, by its elevation above 
or depression below the sea-level, and divide by the earth's mean 
radius; the quotient will be the correction, to be subtracted if 
the base is elevated, or added if it is depressed. (Earth's mean 
radius, accurate enough for the present purpose; 

20,900,000 feet, or 6,370,000 metres.) 



SCALES FOB PLANS AITD SECTIONS. 

Section IL — Scales fob Plans and Sections. 
1. Plans. 
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(l.)lmchtoamfle,... 

(2.) 4 inches to a mile,. 
(3.) 6 inches to a mile, 



(4.) 6*336 inches to a mile, ... 
(5.) 400 ftet to an inch,.. 



(6.) 6 chahis to an inch, .... 

(7.) 16-84 inches to a mile,. 

(8.) 6 chains to an inch, or ) 
16 inches to a ndle, ) 

(9.) 25-844 inches to a mile, 



(10.)200ftettoanindi,., 



63,360 

1 
15,840 

1 
10,560 



10,000 

1 
4,800 



1 
2,500 



Scale of the smaller ordnance maps of 
Britain. This scale is well adapted 
for maps to be used in exploring the 
country. 

Smallest scale permitted by the stand- 
ing orders of parliament for the de- 
posited plans of proposed works. 

Scale of the larger ordnance maps of 
Great Britain and Ireland. This 
scale, being just large enough to 
show buildings, roads, and other 
important objects dbtinctly in their 
true forms and proportions, and at 
the same time small enough to 
enable the eye of the engineer to 
embrace the plan of a considerable 
extent of country at one view, is on 
the whole the best adapted for the 
selection of lines for engineering 
works, and for parliamentary plans 
and preliminary estimates. 

Decimal scale possessing the same ad- 
vantages. 

Smallest scale permitted by the stand- 
ing orders of parliament for *' en- 
larged plans" of buildings and of 
land within the curtilage of buildings. 

Scale answering the same purpose. 

Scales well suited for the working 
surveys and land plans of great 
engineering works, and for en- 
larged parliamentary plans. 

(Scale 8 is that prescribed in the stand- 
ing orders of parliament for "cross 
sections" of proposed railways, show- 
ing alterations of roads.) 

Scale of plans of part of the ordnance 
survey of Britain, from which the 
maps l)eforementioned are reduced. 
Well adapted for land plans of en- 
gineering works and plans of estates 

Scale suited for similar purpose 
Smallest scale piescnbed. b^ \vw \ 
land or contract pVana mlt^^^asiii. 
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Ordinary Designation 
of Scale. 



(11.) 3 chains to an inch, 

(12.) 100 feet to an inch, 

(13.) 88 feet to an inch, or ) 
60 inches to a mile, ) 

(14.) 63*36 inches to a mile,... 

(15.) 44 feet to an inch, or ) 
120 inches to a mile, ( 

(16.) 126*72 inches to a mile, 
(17.) 30 feet to an inch,... 
(18.) 20 feet to an inch,... 



Fraction of 

real 
Dimensiona, 



(19.) 10 feet to an inch,., 
&c. 



1 

2,376 

1 

1,200 

1 
1,066 

1 
1,000 

1_ 

628 
J^ 
500 
J^ 
360 
J_ 
240 
J_ 
1*20 
&c. 



Use. 



Scale of the Tithe Commissioners' plans. 
Suited for the same purposes as the 
above. 

Scale suited for plans of towns, when 
not very intricate. 

Scale of ordnance plans of the- less in- 
tricately built towns. 

Decimal Scale having the same pro- 
perties. 

Scale of ordnance plans of the more 
intricately built towns. 

Decimal scale having the same pro- 
perties. 



Scales for special purposes. 



2. Sections. 



Ordinary Designation 
of Vertical Scale. 



(1.) 100 feet to an inch. 



S.) 40 feet to an inch. 



(3.) 30 feet to an inch, 
(4.) 20 feet to an inch. 



Fraction 
of real 
Height 



1,200 



1 
480 



360 

1 
240 

&c. 



Horizontal Scales 
with which the 
Vertical Scale is 

usually combined. 



rtO, 



15,840 10.560 



to- 



4,800 8,960 



-to- 



3,960 "~ 2,376 
1 1 



-to- 



3,960 2,376 



Exag- 
geration. 



Prom 
13*2 to 8*8 



10 to 8*26 



11 to 6-6 



16*6 to 9-9 



Use. 



Smallest scale permit- 
ted by the standing 
ordersof parliament 
for sections of pro- 
posed works. 

Smallest scale permit- 
ted by the standing 
orders of parliament 
for cross sections, 
showing alterations 
of roads. 

Scales snitable for 
working sectiima. 



EUHVEYIKtS, 



127 



rertical sections^ ob a krge scale f say j—r or ^,-j.-:), ai^J witltr 
\ exaggeration^ are required at the sites of special works* 



Section III. — ^Bdles relatikg to StmvETnra 

1. Cbalnln^ on b DcclirllT — Rcdnclloii 19 Ibe IjereL — Tbe 

correction is always to be subtracted from the distance Eta mea- 
mreii 

When the angle of inclination has been measured by a " clino- 
metev" or other angular iuatrument :— Gon-ection in Hnks per 
chum = 100 ?< verged aine of inclination. 

Wben the vertical fall in linksfereach chain of distance on the Blope 
is known :^€orreetion in links per chain = 100 — VlO,000 — falR 

When the slope is gentle : — -Correction in Hnks pet chain = -y— - 
nearly. 

1^ KzpBiia1«ti or Hfenfloriiig Bods and Chnlti*, — Increase of length 
liyaa elevation of tein|>eratnre of 100° Cent = 180** Fahn : — braas, 
nmW; bttnize, 0-00181; copper, 0*00181; wrought iron and 
steel, 00013; ca.Ht iron^ 0*0011; platinum, 00009; glass, O'OOOD; 
dry deal, 0*00043, 

i To B^t Ont « HJ^lit A^ngle by the Cbaln. — Choose an J two 
uranbers; take the sum of their squares, the diflei^ence of their 
quares, and twice their product; those three numbei-s will be pro- 
portional — the first to the hypo then use, and the other two to the 
tTo legs of a right-angled triaugle, which is to be set out on the 
ground, 

Por exaniple: numbers chosen, 1 and 2; hypothenuaej 2* 4- I^ 
^5 ; legs, 2^ - 1 - 3, and 2 X 2 X 1 = 4 This is the 
most geoerally useftil nght-angled triangle. Other 
fXELEciples: 13, li, 5; 25, 24., 7; 17, 15, 8; 23, 21, B^ 

3. Tie»Tjn«, — In & chained triangle, ABC, fig. 
3Tt to find the length of a tie-line^ AD, By calcu- 
ktioD, 



Fig. 37. 



iw by construction, draw the triangle and measure 

A B on paper* The meaauTement of A D on the 

groand is a check on the accuracy of the measurem^DA* ot J 

BCCA- 
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4. To MeoMUKe Ckips In 8tatioii-I<liie(i by the Cluite aUme« 

Case I. — When tfie obstacle can he chained round. 
BuLE I. (see fig. 37.) — A and D being marks in the station- 
line at the nearer and further sides of the obstacle, set out a triangle^ 
A B C, of any form and size that will conveniently enclose the 
obstacle, subject only to the conditions, that B and 
are to be ranged in one straight line with D, and that 
the angles at B and C are neither to be very acute 
nor very obtuse. Measure with the chain the leugths 
A B, A C, B D, D C, and find the length of A D asa 
tie-line (Article 3.) 

Rule II. (see ^g, 38.) — Let A and D be marks at the 

"''S nearer and further sides of the obstacle respectively. 

Bange A B, D C at right angles to the station-line; 

fl make those perpendiculars equal to each other, and of 

Fig. 38. ^^7 length that may be requisite in order to chain part 

the obstacle along B C, which will be parallel and equal 

to A D, the distance required. 

BuLE III. (see fig. 39.) — ^Let h and c be 

^t I points in the station-line at the nearer and- 

J^'^Jr B^' further side of the obstacle respectively. From. 

\ [^"^N. A .-^' I * convenient station. A, chain the lines Aft^ 

I j Vx^^^ '» Ac, being two sides of the triangle A6«; 

\ ^ V'a ^^>.j connect those lines by a line, B C, in any 

B' I c'' position which will form a well-conditioned 

I triangle, ABC, of as large a size as is 

S practicable : measure its three sides. Then 

Fig. 39. the inaccessible distance is given by the 

formula, 

Vl^^ (AB-hAC)2-(AB-AC)2- 

(AB2 4- AC2 - BC2). I 

The same formula applies to such positions of the connecting lino 
as B' 0" and B" C" as weU as to B C. 

If A B and A C can be laid off so as to be respectively propor- 
tional to A 6 and A c, the triangles ABC and A 6 c become 
similar, B C is pai'allel to h c, and the inaccessible distance is 
simply 

In this method, as well as in the two preceding, the inaecessiblo 
distance may be found by plotting. 

Case II. — When it is impossible to chain round the obstcuiA 



HuLE TV, (see ^g. 40.) — Let 5 and e be marks 
ia the station-line at the nsarer and further side 
i>f tbe gap respectively. On the nearer side of the 
olistaclej range the gtatioBa A and B in a straight 
lice with Cf raalcmg the angle ^ c B greater than 
W*^ and place thern ao that the intei^sectiug Knea 
A A, B a, connecting thera with two ]3ointa, a and 
bf in the station-line, shall form a pair of triangles, 
a h C, ABC, with no angle less than SO''* Mea- 
sure the sides of those triangles^ and compute the 
iuaocesBible distance ^ <; as follows : 




Fig. 40, 



CA^aB — Ab'B{f 
As a check upon the position thus found for the ptJint Cj com- 
puty also the inaccessible distance B <; as follows : 

^^~^GaAb^aBb{f 

This problem is solved grapliioally bj plotting the figure ah 
e A B Ca, and producing a t and A B till they intci'sect in c. 

HruE V. (aee iig. 41.) — ^When the inaccessible 
distance B D does not mnch exceed thi'ce or four 
chains. At B set out BC pcrpendicniar to the 
station- line, and of a length such as to make the 
angle at D not less than SO'', At C range GA 
perpenclicukLr to C D, cutting the station-line in A* *^ 
ll^nre A Bj B C j then 

Fig. 41. 
When angular mstruments ai-e used, a gap in a station-line is 
' by making it one side of a triangle, of which the angles 
ad another aide are given, 

5. Ji4^a«ariiiK At^^m oi iiniidi — Almost all aTCas of land are made 

~ f parallelogram Sj trapesroids, and triangles {see Rules at page 

ith the addition or subtraction of strips contained between 

gii^ht station-lines and irregular boutidaries {see Rules for *' Aiiy 

aii« Area," pp* 64 to 67.) For Laud MeatJureSj see p* 95. 

6, aercraDces m Rule* of Trlionomctrr* — Tile following are the 

! of trigonometry chiefly nscd in surveying by angles : — 

For Plane Triangles; 1, 2, page 53; and aometiuies 3 and 4, 

pp, 53j 54; and 6, page 55, 
For Tri(i7igi0$ so large as to be sensibly splterical; the rule f 



ipherical excess, pige 
page SS. 



55} and the approximate x^aS 
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The three angles of every triangle should be measured, if possible, 
as a check upon accuracy. 

7. Redaction of Angles to the Centre of tlie Station. — When the 
theodolite cannot be planted exactly at a 
station in a trigonometrical survey, but 
has to be placed at a short distance to one 
side of it, the angle actually measured 
between two objects is reduced to the angle 
which would have been measured had the 
theodolite been exactly at the station, hy » 
correction which is calculated approxi- 

pjg, 42. mately as follows : — 

In Gg, 42, let C be the station, D the 
position of the theodolite, A and B two objects; A D B the hori- 
zontal angle between them as measured at D; A C B the required 
horizontal angle at the station C. 

Measure C D, and the angle ADC; calculate A C and C B 
approximately as if A C B were equal to A D B; then 

ACB = ADB-206264".8CD{^-™^-^J5|iJ^} 

The above formula gives the correction in seconds when D lies 
to the right of both C A and C B. When it lies to the left of 
CB, sin B D C changes its sign; when to the left of C A, sin 
ADC changes its sign. 

8. Redaction of Sextant-Angles to the Iterel. — To find with a 
reflecting instrument the horizontal angle between two objects that 
are not at the same level with the observer's eye. For an approxi- 
mate method, set up a vertical pole in a line with each object, and 
measure the horizontal angle between the poles. For an accurate 
method, measure the angle between the objects themselves, and to 
take also the angle of altitude or depression of each. Find the 
zenith distance of each object by subti-acting its altitude from, or 
adding its depression to, 90°. 

In fig. 43, let O represent the observer's station ; O B, O C the 
directions of the objects; BOC the angle between 
them ; O D E a horizontal plane; D O B and E O C 
the altitudes of the objects; O A a vertical line, and 
A D E a spherical surface. 

Then, in the spherical triangle ABC, the three 
sides are given — viz., A B and B C, the zenith dis- 
tances, and B C, the angle between the objects; and 
the horizontal projection of that angle, being equal 
+'^ +lie angle A, may be computed by the proper formula. (See' 
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let D he the station 
and A, B, Cj three 




9, II«t«!Fiiiiiiliig Slallons All«ali— In fig. 44, 

aEoat Tvhose position is ta l>e determined^ 

known fixed objects, or landmarksj which 

ought fiot to be iu or ne^r the circumference 

of one circle travei-sing D. Witii a s<?xtant 

(or^ better stilly with two sextants) measure 

the angles A D B, B D C ^ if practicable alsoj 

with a third sextant, measure the angle 

A D C = A D B + B D C, aa a check on the 

wcghtbjcj of those angles. Then to plot the 

|iosition of D, let A, B, and C be shown on 

the phm. From A draw A E, niaJting the 

angle C A E = C D B: from C draw C E^ 

nmking the angle A C E = A D B^ and cutting A E in E : 

throngh the three points A, C, E deaeiitio a circle : through E 

and B draw a straight line cnttiDg the circle in D ; D will be the 

required station on the plan. 

Or otIwrtidif€j — On a piece of tracing paper draw three straight 
linea radiating from one point, so as to make witli each other 
angles eqnal to A D B and B D C. Lay it on the plan, and 
shift it about till the three lines traverse Aj B, and respectively; 
the point from which thej diverge being pricked tbrougli on the 
plan. Will give the poaition of D. 

In the inatrument called the atatmn-pointer^ three straight arms 
titrning about one centre, and set to make any given angles with 
each other by meanss of a graduated arc, answer tie purpose of tbe^ 
ijiree Imea on the tracing paper, 

SecTIOK IY* — EtTLES EELATINO TO JjEYELLmQ AlfD SOUKDIKQ, 

L C^«vv«£tlaii Tor €iirTa1iire itlid RfrfrfiCIJon. — The correction for 
the birth's curvature, to be subtracted from the reading of a 
kvelling-staffj is found as follows : Divide the square of the dis- 
tance fram the level to the staff by the oarth^a diameter (41^600,000 
feet nearly, or 1 2,7 40,000 metres nearly). 

Or &tkerwi86f — Take two^hirds of the square of the distance in 
eUtute miles for the con^ction in feet. 

The correction for refractioo, to be added to the reading, is very 
variable and uncertain. On an averjige it may be taken at mie- 
gi^ik of the correction for cnrvatui-e. 

Correction for curvature and refmction combined, to be mihir€t(^ed 
froca the reading on the staff, — average value about 

= _ — ^- = 0-56 foot X (distance in statute mUeay 

6' Earth's dmm, 1 

2. i^^cUiPMi by An^l**. — TMs process 13 ax^pi'^ximate oxii^^ 



132 BULES m ENGINEEBIKQ GEODESY. 

Rule I. — Find the distance between the two objects whose 
difference of level is required. 

Measure the angle of altitude of the higher object as seen from 
the lower, and (at the same instant, if possible) the angle of depres- 
sion of the lower object as seen from the higher. (These are called 
reciprocal angles.) Take the half sum of those angles, and by its 
tangent multiply the horizontal distance between the objects : the 
product will be their difference of level. 

KuLE II. — When one angle only can be taken, it must be cor- 
rected for curvature and refraction. The correction for curvature 
to be added to altitudes and subtracted from depressions is one- 
half of the contained arc; which contained a/rc is computed, in 
minutes, by dividing the horizontal distance, if in feet, by 6,076, or, 
if in metres, by 1,852. The correction for refraction is uncertoin; 
but on an average it may be allowed for by diminishing the correc- 
tion for curvature by one-sixth of its amount. 

3. ii«TeiUiiK hj the Barometer. (Approximate only). — Let the 
quantities observed be denoted as follows : — 

Temperatores of the 
Heights Mercury, by Air, by 

Stations. ofMerciirial ** attached" "detached** 

column. Thermometer. Thermometer. 

Higher, h t H 

Lower, H T T'. 

Then, height of the higher station above the lower, for feet and 
Fahrenheit's scale, 

= 60360 {log. H — log. ^—-000044 (T— «)} .(l + — J'"— ^); 

and for metres and the Centigrade scale, 

= 18400{log.H — log.A^-0008(T — «)}-(l+^g^y 

Common logarithms are used in both formulae. 

In the absence of logarithms, for heights not exceeding about 

3,000 feet, or 1,000 metres, correct the mercurial column at the 

higher station as follows : — 

-, , A T — «(Fahr.)\ • A T — «(Cent)\ ,^ 
^=H^-^ lOOQO 9=H^^ 5^50—;^*^^ 

difference of level for feet and Fahrenheit's scale, 

and for metres and the Centigrade scale. 



= 15980 
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4 I^eTellliis br the Boillng-i»iiliit of Pnre ITnter. — ^Let bolHng- 

point — T* Ctilciilafce s as follows: for feet and FahreDheit's scale, 
^-517 (212^ — T) + (213= — T)^; 

or for metres aod tlie centigrade scale, 

s = 284 (100" — T) + {100^— T)2; 

the difljerenee of tlie values of & at two stations will be their 
difference of level, nearly. 

5, Rcdnciion «f ii«nn dings. — Take the djlfference between each 
sounding and the height of the enrface of the water above the 
datum of the survey at the iustant when the sounding was made, 
as iound by a tide i^gister, Accsording aa the aouiiding ie the 

{ ^iS?'" } * *^^* difference is the | J^f^{^\ } of the bottom | ^^^ } 
the datum. 

In the absence of direct observations of the tide^ the height of 
the surface of the water above the datum may be calculated approxi- 
mately as follows : — Divide the time before or after high water at 
which the sounding was taken by the whole duration of the rise or 
fall of the tide, and multiply the quotient by ISO**; this gives the 
tidai angle. Multiply the cosine of the tidal angle by half the 

MmI rise of the tide; the product is to he i , . ? a £ f the 

hetglit cf the mean tide-level above the datura, according as the 

tidal angle is | ^^ } . (See page 53, line 2.) 

DLU-ation of the nse or fall of tide on an open coast, about 6h. 
13ni. In narrow channels the duration of the rise is lensj and that 
of the fall greater. 



Sectiok Y, — EULES ItELATm^ TO SETTING OUT, 
1. Betttii^ Ont Centre I^iaefl of Kail way Cnrrcs. 

KcTLE I. (see fig, 45). — To ^ 

find the radius of a circular ,^'' "v 

arc which shall touch succes- 
mrely three given straight lineSj 
BD, BE, EC. Measure the 
middle straight line D E, and 
tlie actde angles at D and E. 




Then 



Fig, 45. 



J TV ■pt 

Jiiidjus=DE -^ ftan ^r^ + tan ,A. 
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Rule II.— To find the points of contact, B, F, 0. 

DB = DF = radiusxtan-^; Er = EC = radiusxtan^. 

EuLE III. — To calculate the lengths of the arcs BE and EC. 

B F = radius x circular measure of D. "^ 
F C = radius x circular measure of E. 
(Circular measure = angle in minutes x 0*0002909 
= angle in degrees x 0-017453; 
see also pages 39 and 41 .) 

"Rule IV. — To calculate the angle subtended at any station in 
the circumference of a circle by an arc of that circle of a given 
length ; divide the length of the arc by the radius, and multiply 
the quotient by 1718-873; the product will be the angle at the 
circumference in minutes : or, otherwise, convert the quotient into 
minutes of angle at the centre, by Table 4 K, page 39, and divide 
by 2 for the angle at the circumference. 

If the station is at one end of the arc, the angle in question is 
that between the tangent and the chord of the arc. 

BuLE Y. — To calculate approximately the chord of an arc of a 

given length in a circle of a 
given radius; from the length 
of the arc subtract the cube 
of that length, divided by 24 
times the square of the radius. 
BuLE YL — To set out a 
circular curve of a given 
radius touching two given 
straight lines in given points, 
B, C, fig. 46. 

It is convenient (though not 
Fig. 46. always necessary) to find the 

middle point of the curve. 
For that purpose, range, by means of the theodolite, the line A D 
bisecting the angle at A, where the tangents intersect; and lay off 
the distance, — 




A D = r • f cosec .^ — 1 J ; 



then will D be the middle point of the curve. 

The points B and C (and also D, if marked) should be marked 
by stakes, distinguished in some way from the ordinary stakes, 
which are driven all along the centre line of the proposed railway 
at equal distances of one chain, or 100 feet, or some other uniform 
tUstanca, 



Any oDe of the points B, C, or D will answer as a station for 
the theodolite in mnging the curve. When the length of the curve 
exceeds about half a nule^ the middle jjointj D, is the best stution 
as regards accui^cy and convenience. 

The following is the proeeas of ranging the curve with the theo- 
dolite planted at its commencement^ B : — 

For brevity *s sake, the distance between the stakes which mark 
the centre line of the pi'opoaed railway will be called " a chain," 
whether it k 66 feut, 100 feet, or a gieater distance. 

Let o, in Eg. 46, rejiresent the last stake in the portion of the 
straight line immediately precefHtig the curve \ the dintance B I 
from the comuieneemeot of the ctirveto the til's fc stake in it will he 
the difference between one chain and a B. The angle at the cii> i 
<Tnmference subtended by the arc B 1 having been calculated by! 
Rule IV., is to be laid ofi* by the theodolite from the tangent 
B A, the 2ero-point of azimuth being di reacted towards A. The 
line of collimation will then point in the proper direction for 
the firs?t Ktake in the curve, 1; and its pmper distance from B 
being laid off by meuns of the chain, its position wHl be deter- 
mined at once. 

The angles at the circnrnferenc© subtended by B 1 + 1 cbaiii^J 
B 1 -♦- 2 chains, B 1 + 3 chains, tkc., being also calculated and laid^ 
tiff from the tangent E A in succession, will resjjectively give the 
proper directions for the ensuing stakes, 2, 3^ 4, tfee., which are 
at the same time to be placed suceesaively at uniform distances of 
one chain bj means of the chain. 

The difference between an arc of one chain and its chord, on any 
carve which usually oceura on railw^ays, is in general too small to 
cause any i>erceptible en*or in practice, even in a very long 
dl&taoc^ ; but should curves occur of unusually short radii, calcu- 
late the proper chord by Kule Y., and set it off from each stake 
to the nest, instead of one chain, the length of the arc. 

When the cui-ve is ranged with the theodolite at D, or at any 
other intermediate iKiint in the curve, or at its termination, C, the 
, is precisely the same, except that the aero-point of azimuth 



ii to be turned towards B instead of A ; and that when the cliain 
jiuses the theodolite station (for example, in going from stake 4 
to stake 5 in fig. 49, with the theodolite at D), the telescope is to 
be turned completely over. 

When the ineq^tialities of the grotmd make it impossible to ran^e 
the entire curve from the stations B, B, and 0, any stake which has 
ab^ady been placed in a commanding position will answer as a 
atntion for the theodolite. 

The stakes or jmles, after having been ranged by the theodc 
shotild have their positions finally checked and ad]nated hf 
metkod of offsets^ for which see page 137, 
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EuLE VII. (see fig. 47). — To set out a circular curve of a given 
radius, r, touching two given straight lines, A B, A C, when the 
A. point of intersection of those lines, A, is 

/*^, inaccessible. 

/ \ Chain a straight line, D E, upon acces- 

/ ^ \ sible ground, so as to connect the two 

tangents. The position of the transversal 
D E is arbitrary; but it is convenient so 
to place it that it will cut the proposed 
Fiff 47 ^ curve in two points, which may be deter- 

mined, and used as theodolite stations. 
Measure the angles A D E, A E D, which may be denoted by 
D and E. Then the angle at A is 

A = 180^ — D-E; 

AD = DE.«^;AE = DE.«!?-?; 

smA' sin A' 

A A 

DB = r*cotan-^ — AD; EC = r -cotan — — AE; 

and by laying off the distances D B and E C as thus calculated, the 
ends of the curve B and C are marked, and it can be ranged irom 
either of those stations as in Kule VI. 

But it is often convenient to have intermediate points in the 
curve for theodolite stations; and of those the points of intersec- 
tion with the transversal H and K, and the point G, midway 
between these, can be found by the following calculations, in mak- 
ing which a table of squares is useful (page 11); — 

Let F be the point on the transversal, midway between H and K. 

If B D = C E, the point F is at the middle of D E. If B D and 
C E are unequal, let B D be the greater; then the position of F is 
given by either of the two following formulae : — 

^T, DE , BD2-CE2 __ DE BD^-CE^. 
^^ = -2" + ~lDE-^ EF= 2 2-DE~ 

The points H and K are at equal distances on each side of F, 
given by the following formula : — 

TH-FE yCD^ + EFJ-BD^-CEii) 

The point G in the curve is found by setting off the ordinate 
F G perpendicular to D E, of the following length : — 

FG=:r- Vr2-FH2. 

The angles subtended at the centre of the curve by the several 
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ttPes lietween the oommen cement B and the points H, G, K^ C, are 
tts follows : — - 

Angle subtended at the centre by B H = D — arc ^ sin ■ 



— — — — EG^D; 



r J 



FH 



— — — — EK — D4-arQ*ain 

— — — — BG^D + E^ 

and the length of any one of those area maj be eorapnted hj means 
of Rule IIL 

KrLE VIII. — ^To set out a circular curve touching two given 
^raight lines, when ]mrt of the curve is inacc^aible to the 
chain. 

If the point of intersection of the tangents is accesaiblej the two 
ends of the curve are to be determined and marked as in liule I., 
and also the middle point of the carve, nnless it lies on the 
iuacceafsihle ground] and the length of the curve is to be computed 
hj Rnle IIL 

Jf the point of interaeetion of the tangents is inacceaaible, the 
two ends of the curve, and at leaat one intermediate paint, are in 
be determined and marked by the aid of a transversal, as in Eule 
TII-, and tbe lengths of the area bounded by those points are to 
be computed. 

A transversal may be useful even when the point of intersection 
of the tangents is accesdble. 

Each of the points thus marked will serve either as a theodolite 
station, or as a station to chain from, or for both purposes; and the 
stakes lying between the obstacle and the next station beyotid it 
are to be planted by cbainitig backwards from that statit^n, 

RuLi; IX. — To set out a circular curve by oflsets commencing at 
a given point on a straight line (tig. iS), 

Let A be the commencement of the 

curve j A B the proloogatLon of the 

fitraigbt line (being a tangent to the 

curve) ; and B the end of the chain when 

lnid along that prolongation from the 

lafet stake in the st might line. Plant 

a Email pole at B, calculate the ofTset 

AO^ 

BC by the formula BC = -_, — .;-- ; shift the end of the chain, 
■^ 2 radius 

and tbe pole along with it, sideways irom^ B to C, keeping the 

chain tight, and leave the jmle at G 

Dmg the chain onward in the prolongation of A C ; vm\| 

pde at D ill a strmght line with A and C, and at one ^Wvxi^ 




Fig. 43. 
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tance from C ; shift the pole and the end of the chain through the 

C E • A D 

offset D E, calculated by the formula, D E = -^ — ^. — . 

Drag the chain onward; range a pole at F in a straight line 
with C and E, and at one chain's distance from E; shift the pole 
and the end of the chain through the offset F Gr, calculated by the 

CE2 
formula F G = —^. — ; leave the pole at G, and repeat the same 

pi-ocess for the rest of the curve. 

This method is clumsy and tedious as a means of ranging curves; 
but it is very useful for testing the uniformity of curvature of 
curves already ranged, and for rectifying the positions of individual 
stakes to the extent of an inch or two. 

Rule X. — To set out a circular curve by successive bisections 
of arcs. 

This is a method to be used only in the absence of angular 
instruments. It depends on the following relation between the 
versed sine of an angle B and that of its half: 



vei-sm 



i=.-v- 



vei-sin B 




To apply this principle, let 
B A, C A, in fig 49, be the two 
tangents, and B and C the ends 
of the curve, so placed that A B 
and A C shall be equal, but 
leaving the radius to be found by 
^*^' ^^' calculation. Measure the chord 

BC. 

To find the radius, bisect B C in E, measure A E, and make 

ABBE 
radms = ^^ > 

Calculate the versed sine of the angle A B E = B, which is that 
subtended at the centre by one-half of the curve, as follows : — 

AB - BE 



versin B : 



AB ' 



and by means of the first formula of the rule (using a table of 

B B B 
squares, if one is at hand) calculate the versed sines of -^, — , -^, 

<fec., in succession, observing that versin B enables one intermediate 

B B 

point in the curve to be found, versin ■« , three points, yersin "p 




seren poiataj and geTieralljj that versin -^ enables 2* +^ — 

termediato points in the curve to be found. 

Frcim the middle, E, of the chord E C, and perpendicular to it, 
lay off the offset E D ^ r verain E ; D will be the middle point of 
the curve. 

Chain and bisect the chorda B D, D C, and from their middle 
pointSj and ijeqjendicukr to them, lay off the offsets 

H K = I L = r Terain -^; ^| 

K and L will be points in the curve, midway respectively between 
B and D, and between D and ; and so on until a sui£cieut 
iiamber of points have been marked by poles. 

Then chain round the cunre aa ranged by the poleSj and driTe 
stakes at equal dititances apart. 

The unUormity of the curvature may be finally checked by 
BnlelX. 

2. Cvuit ttf Ralls of a Cnrrc. — Divide the Bquare of the greatest 
ordinary sjieed of a train by the radius of the curve, and by 
divisor whose values are aa follow e i — 



I 



Tot speed in feet per second and radius in feet, 33 ; 

For wpeed in mile^ per liour and radius in feet, 15 ; 

For speed in meti-es per second and radius in metres, 9 -H. 

iToltiply the quotient by the gauge of the i*ails; tlie product will 
be the cant required, in the E^me sort of measure with the gauge. 



Ft. In, Mftlrefi. 

British narro-w gaugOj 4 8^ = 1 4^15 

British broad gauge, 7 - 2*134 

Irish gauge, , * 5 3 = 1 *GQO 



4 



Half of the cant should be given by raising the outer rail above tba 
kvt^l of the centre line, and half by depi-ea^ing the inner raiL 
Examples of caut in feet for iO miles an hour: — 



500 -f- radius in feet. 
560 -^ radius in feet^ 
747 -^ mdlus in feet 



J 



Additional cant for cylindrical wheels at speeds not exceeding 12 
miles an hour, 600 feet -i- radius in feet 

3* T» £ii«« Cbnnic* *f Ciit'Tiiiwro {Froudes Mdhod). 

Begin by ranging the centre line as a series of straight lines anj 
circular arcs^ by the rviles of Article 1 of this S^ictioa, C«k,M' 
tbe cant of each carve hj the iiile of Article '^. 
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Bulk L — Compnte the several ckangef of eani at the joncHons 
of carves with straight lines and with each other, observing that 
the change of cant between a straight line and a carve is simply 
the cant of the carve ; that if two adjacent carves are carved in 
the same direction, the diange is the difference of cant; and that if 
they are curved in reverse directions, the change is the sam of the 
two cantsL 

Multiply the grecUesl ehaTtffe of cant by 300; the product will be 
the length of the curve of adjugtmenL 

BuLE II. — Compute, for each circular arc of the series, the shift 
as follows : — 

Shift = (length of curve of adjustment)' -r- 24 radius. 

Then shift the poles by which a given circular arc is marked 
inwards (that is, towards the centre of curvature of the arc) tbrough 
the distance computed by the above formula. For example, in 
fig. 50, let A B, B C be a pair of consecutive circular arcs, marked 




Fig. 60. 



by poles, and joining each other at their point of contact, B. Let 
B E, B F be the shifts proper to those two arcs respectively; after 
all the poles have been shifted, they will mark the arcs D E, F G, 
having a gap between them at E F, equal to the sum of the two 
shifts, if the arcs are curved in reverse directions, or the difference 
of the shifts, if the arcs are curved in the same direction. Straight 
lines are not to be shifted; so that where a curve joins a straight 
line, the gap is simply the shift of the curve. 

BuLE III. — Set out the " curve ofadjustment " I H K as follows : — 
For its middle point bisect the gap E F in H. For its ends I and 
K lay off E I and F K, each equal to half its length, as computed 
by Bule I. For intermediate points in the division I H lay off 
ordinates at right angles from a series of points in the circular arc 
I E, proportional to the cubes of the distances from I; and for 
intermediate points in the division K H lay off ordinates at right 
angles from a series of points in the circular arc K F, proportional 
*o the cubes of the distances from K. 

"•et a denote the length I K of the curve of adjustment; 
i, the gap E F, or sum of the Bhi[t»*, 
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a, the distance, measured on the circular aix;, of any point 
from I or from K^ as the case may be; 
the ordinate; then 

46ic8 
^= a3- 

ExAiCFLE. — ^A curve of 20 chains radius (= 1,320 feet), with 
cant suited to a speed of 40 miles an hour on a narrow gauge line, 
18 to be connected with a straight line. 

Cant (see p. 139) = 500 feet ^ 1,320 = -3788 foot; 
Length of curve of adjustment, a = -3788 x 300 = 113-6 feet; 
Shift for circular arc = (113-6)2 h- 24 x 1,320 = -407 foot; 
(As the arc is to join a straight line, this is also = the gap 6.) 

4 X -407 a^ 
Formula for ordinates, y = ■ .11.3.^^3 = 000,001,11 oc^. 

Bulb rV". — ^To connect a circular arc and a sti-aight line, or two 
dzeular arcs, which do not touch or cut each other, by means of a 
curve of adjustment. Fig. 50 illustrates the case where' two arcs 
carved in revei-se directions are to be connected; ^g. 51, that in 
which two arcs curved in the same direction are to be connected. 

Find the pair of points at which the arcs or lines to be con- 
nected are nearest to each other. This is best done by iirst finding 
two pairs of points at which the 
lines to be connected are at equal 
distances apart; the pair of points 
required will be midway between 
those two pairs of points. Let E 
and F be the pair of points thus 
fimnd; measure the gap E F, then ^^' ' 

odcolate the half-length of the curve of adjustment by means of the 
Mowing formula, in which r and / denote the radii of the arcs to 
be coxmected : — 

EI=FK = Y^ {6EF^(1±1)}; 

the mgn + or — being used in the denominator, according as the 
directions of curvature are reverse or similar. If one of the lines 
to be connected is straight, 1 -r- r^ is to be made = 0; so that the 
fbtmiila becomes 

EI = FK= V6EF-r. 

The carve of adjustment is now to be set out by ordinates, as in 
BnlellL ^ ^ 

4. mnmtth mi FwUoa of a Bailwaf . — The following are ex- 
imj^es:^ 




U2 
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Single Line. SSga 

Ft 111. 

Clear space outside of rail, 4 o 

Head of rail, o 24 

Gause, 4 8| 

Head of rail, '. o 24 

Clear space outside of rail, 4 o 

Least breadth of top of ballast ; aud ) 

least width admissible for archways, > 13 1 4 

&c., traversed by the railway, ) 

Spaces for slopes of ballast, and ( f-Q.-^ <. ,qi \ 

benches beyond them, on em- •} x. s __? [ 

bankments, .^ ( o lo^ ) 

Total breadth of top of embank- ) from 17 o ( 

ments, \ to 22 oj 



Irish 
Gauge. 
Ft In. 


Broad 
Gauge. 
Ft la 


4 
2j 


4 
24 


5 3^ 
24 


7 
24 


4 


4 


13 8 


15 5 


4 4 


9 2 



18 o 



24 7 



Double Line. 



Clear space outside of rail, 

Head of rail, 

Gauge, 

Heaa of rail, 

Middle space (called the **««c/6c<,'*).. 

Head of rail, 

Gauge, 

Head of rail, 

Clear space outside of rail, 



Narrow 
Gauge. 
Ft In. 


Irish 
Gauge. 
Ft In. 


Broad 
Gauge. 
Ft Lu 


4 
24 
4 84 
24 
6 


4 
24 

24 
6 


4 
24 

7 
24 
6 


24 


24 


24 


4 84 
24 


5 3^ 
24 


7 
24 


4 


4 
25 4 


4 


24 3 


28 10 


Ih 


4 8 


9 2 



28 

33 



;! 



30 O 



38 o 



Least breadth of top of ballast ; and ) 

least width admissible for archways, > 

&c, traversed by the railway, ) 

Spaces for slopes of ballast and ( ^ 

trenches beyond them, on em- < f^ 

bankments, ( 

Total breadth of top of embank- { from 
ments, ( to 

Additional width at bottoms of cuttings, from to 9 feet. 

Arches over the railway are seldom made of the minimum spans 
shown by the foregoing tables, except in the case of tunnels. Bridges 
over narrow gauge lines are usually of the following spans : 

over a single line, from 16 to 18 feet; 
over a double line, from 28 to 30 feet. 

5. Breadths of Slopes of Earthwork. — Let h denote the Central 

depth of the piece of earthwork, whether cutting or embankment; 
the half-breadth of its base, or formation; 
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if the rate of aLope of the earthwork; that is^ s horizontal to 1 

vertical; 
r, the rate of sidelong alope of the natural ground, if any ; 

that is, r horizontal to 1 vertical ; 
B, the required breadth of the slope of the earthwork. 

Case I. — ^In ground level across, B = « A. 

Case IL — ^In ground that slopes away from the base, 

r — 8 \ r/ 

Case 111. — In ground that slopes towards the base^ but without 
intersecting it; 

r + * \ r/ 

Case fV. — In ground that intersects the base between the centre 
line and the edge of the earthwork. 



r — 8 \r / 



I 



BEcnoN VI. — Rules relating to Mensuration op Earth 

WORK. 
1. KectlMMl Areas of Earthwork. — Figs. 52,, 53, and 54 repre- 

p 1?_. 

& c a B 




Fig. 62. Fig. 53. 

sent examples of cross-sections of pieces of earthwork, in each of 
which D E is the base, A B the 
natural sur&oe, and D A and E B 
are the slopes. 

Pigs. 52 and 53 represent cut- -- -- 

tings; to represent embankments, a,^SC™_ 
eoDodye them to be turned upside "'^'^ ^ 
down. 

Kg. 54 represents a piece of earthwork, of which one side, 
Q E B, is in aide cutting, and the other, Q I) A, in embankox' ' 

The fixllowing are iihe sjjrmbola used in the rulea; — 
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Natural slope of the ground, r (horizontal) to 1 (vertical). 

Slope of the earthwork, b (horizontal) to 1 (vertical). 

Half-breadth of l^ase, D F = F E = 5. 

Central depth, C F = h. 

Area of cross-section, A. 

In many measurements of earthwork having siectionsr 'such as 
£gs. 0% and 53, it is convenient to suppose the slopes produced 
till they meet at K, and to calculate or measure the following 
quantity: — 

Augmented depth, CK=A + — =A?. 

8 

To find h by direct measurement in a longitudinal section of 
earthwork, draw a line parallel to the formation line of the work, 

and at the vertical distance - below it in cuttings, or above it in 

embankments. Depths measured from that line to the surface of 
the ground will be augmented depths. 

BuLE I. — ^When the ground is level across; 

A = triangle A B K - triangle DEK = *^2 

Or oiherwue^ — 

Rule Ia. 

A = rectangle D G H E + 2 triangle A D G = 2 6 A + «tf. 

Rule II. — ^When the ground has an uniform sidelong slope, not 
intersectiug the base, as in fig. 53, 

A = triangle A B K - triangle D E K = » _ g ' ^^ • 

Rule III. — To find the augmented depth in ground level acroal^ 
of a cross-section of earthwork equal to a given cross-section in side- 
loDg sloping ground; take a mean proportional between the aug- 
mented depths measured from K vertically to the two edges A and 
B respectively ; that is to say, in fig. 53, parallel to D E, draw A H 
and B P, cutting the vertical centre line in M and P; then make 

^'= ^(KM-KP); 
and the area may be found by Rule I., as follows : — 
62 62 

A = «;5:'2-- = «-KM-KP--. 

B 8 

Rule IY. — When the ground has a sidelong slope intersecting^ 
the base at Q, in fig. 54. Let A' be the larger and A'' the smaller 
division of the cross-section. 

A' = triangle Q E B = l^t^j 
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A" = triangle Q D A = 



{h^T ;*)« 



% T«luiiic« «r Quaiiiftiic!* of Eoirtliwiirk. — BULE I. — Wlien a 
riiiries of equidistant cross- section a are given, see p» 73, Article 5; 
. llso the. rules there refeiTcd to^ A, B, 0, pages 64 to 6G. 

RtTLE IL — When the piece of earthwork to be measured ia a 
**prisinoicl," as shown in page 74, fig. 1% use the rule given in 
ibut page below the figure. 

The most simple algebraical expression of that rule, as applied to 
the y>resent case, is as follows : — The prismoidal piece of earth to 
he measured i^ to he considered as formed by a wedge of a crossr- 
8ectii.»u such as A E K in fig. 52 or tig. 53, from which is takeit.| 
away a wedge of unilbrm cTOKs-section such as D E K« 

Let a? denote the length of the piece of earth j hy and h^^ tho 
fmlues of the angrftented depth C K at its two ends ■ then, 

--^ {r^'^r,2 V 4 ^'~ir^J si 

The last formula is specially suited for calculation by the aid of 
• table of squares 

When the ground is level across, the co-eflScient of the first term 
beettmes simply ^ s. 

The quantity in brackets by which the length x is multiplied is 
the mean sectional area. 

If the measurements are in feetj the preceding rules give 
quantities in cubic feet* To reduee theiie to cubic yards divide 
by 3S =^ 27- 

EuLE IIL— When earthwork on sidelong ground occurs on a 
ihftrp cnrve. By the rules of pages 142, 143, calculate the half- 
fe^dths (A L, B N, fig, 53) required for the two Blox>es; take 
their difference, and divide it by three times the radius of the curve ; 
the quotient ia to bo added to or subtracted from 1, according as 
the greater half-breadth lies fi'om or towards the centre of the 
carve. The result will be a factor by which the area A B K in 
%. 53 — that i% the first of the two terms oi" the formula in Rule II., 
pttge 144 — ia to be multiplied. From the product subtract the area 
b £ K; the remainder will be an area modified for curvature; 
tlien proceed as in Buie I. of this Article. 
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PAET IV. 



ETIXES Airo TABLES ItELATTIsrG TO BTSTRIBl 
FORCES AND MECHANICAL CENTEEa 

1. fviweiiic <;irKTiiT (aa atatinl at page 102) is tbe ratio of th 
weight of a given bulk of a given stiWtance to the weight of th 
Barae bulk of pure water at a standard teraperatui'e. In Biitaid 
the irtaudiird temperature is 62** Fahr. =i 16-67 Cent. In Fraud 
it is the temperature of the maximum density of water r^ 3^*91 
Cent, = 39" ■! Fahr, 

lu rising from 39°"1 Fahr. to 62=* Fahr., pure water expands i 
the ratio of 1*001118 to 1; but that difference is of no consequeoe 
in calculation a of specific gravity for engineering purposes. 

Rule L — To find the specific gravity of a solid body that 
heavier than water approximately, by experiment Weigh, it ii 
air, and again weigh it immersed in p\ire water, Divide tb| 
weight in air by the loss of weight when immersed (or huot/anct^J^ 
the quotient will be the RfHJcidc gi'avity. 

Rule IX, — When the body is lighter than water, weigh it ij 
air ; then load it with a piece of a substance heavier than watei] 
and laipj enough to make the light body sink, and weigh thera in 
water together. Also weigh the heavy body separately, in air an J 
in water. Subtract the buoyancy of the heavy body from thi 
buoyancy of the two bodies together \ the remainder will be th 
buoyancy of the light body separately; by which its weight in i 
is to be divided as before. 

Rule III.— To find approximately the specific gravity of 
liquid ; weigh some convenient solid body in air, in pure wate^ 
and in the given liquid; divide the buoyancy or lam of weight ill 
the given liquid by the buoyancy io water; the quotient wiU 
the required specific gravity. 

Rule IV. — To find approximately the specific gravity of a soll^ 
body that is soluble in water; ascertain itw buoyancy in sonic liquid 
which does not dissolve it, and whose specific gravity is known l 
divide the weight in air by the buoyancy in that liquid, anq 
multiply the quotient by the specific gravity of the liquid. 

The approximate character of all those rules arises from the 
not taking account of the buoyancy due to the pressure of the aid 
on the body weighed or on the weights ; but for ordina 
purposes the error so occasioned is immateriaL 
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% The B«i»^iie«« of any substance (as stated at page 102) is the 
vdght of an wait of volume of it in units of weight. 

In British meaaiires heavineaa is most coovenientlj expresserl in 
W*» avoirdupois to t/ie cubic foot; in French measures, in kilo- 
^rfimm to the cubic dectTnetre. 

RvLE V. — GiveUj the specific gravity of a substance; to find its 
lieaviness ; multiply by the h*favinesa of water. 

{In British measures 62'4 lbs* to the cubic foot is near enough 
for practical purjxfcsea; in French measures no calculation is 
needed I heaviness and speeidc gj"avity being identical.) 

3, The nenaiir of a substatice is either the number of units of 
mass in an unit of volume (see page 104), in which case it is equal 
to the heaviness, — or the ratio of the roaaa of a given volume of 
the Gubstauce to the mass of an equal volume of water, in which 
oise it is equal to the specific gravity, 

In its application to gasei the term " Density'* is often used to 
rlenote the mtio of the heaviness of a given gas to that of air, at 
the same temperatiLre and pressure. 

4, The Biiikiii«aH of a substance is the number of units of volume 
which an unit of weight fills ; and is the reciprocal of (Jte ft^aviness^ 
(See Table of Reciprocals, page 11,) 

In British lueasures bulkinej^s is most conveniently expre-ssed in 
ivimfiet to tk& Ih. amirdiipoiB ; in French measures j in ewitc dt/d- 
fiwife» ta the kUogramme. 

Rule YL — Given, the specific gravity of a substance j to find 
its bulkiness ; divide the bulkineas of pure water by the specific 
^vity of the given substance. 

(Iij British measures 0^01602 cubic foot of pure water to the lU 
is near enough for practical parposesj in French measufes the 
Uilkiness of pure water is 1 ,) 

5, ciTect or iicat on BuikineM,— Kisc of temperature produces 
(with certain exceptions) increase of bulkiness. 

.E VIL (For perfect ga^ea). — Given, the bulkiness of a 
^ t gas at the temjieratnre of melting ice; to find its bulkiness 

imdcr the same pressure at any other temperature j multiply by 
Ihe ^ven temperature, as reckoned from the absolute zero (see pa^'e 
¥^5\ and divide by the absolute temperature of meititig ice (274"^ 
0?uL - 493°-2 Fahr.) 

Rri*s VIII. (Approximate nile for water), — Divide the given 
t#vmp?rature by 500* Fahr. or 27 S"* Centj divide oOO° Fahn or 
27S^ Cent by the given abgolute temperature ; multiply the half- 
tin of the quotients by the least bulkiness of water (00 1602 cubic 
»et to the lb., or 1 cubic decimetre to the kilogramme) ; the product 
iD be the required bulkiness nearly enough for practical purposes 
EZAirPLE. — Given, temperature on common acialej 1\T ¥vi\a, 
Htis, 2ir ^ 4Sr-^ = Or^'SFahr., absolute. 
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1 /673-2 500 \ ,^,„ ^. . ,. , ^, , „. . 
9 V ^nn "*" fiyo.o J ~ I'Oio, ratio m which the bulkmeas ii 

increased (the exact ratio is 1*04775^ so that the error is aboofc 

40o)^ 

0-01602 X 1-045 = 0-01675 cubic foot to the lb.; bnlkmesa 
required, nearly 

= 59*7 lbs. to the cubic foot; corresxx)nding heaymoB^ 

nearly. 

The following are the rates of expansion in bulk, in rising from 
the freezing point (0° Cent, or 32° Fahr.) to the boiling point (IW 
Cent, or 212° Fahr.) of some materials: — 

Perfect gases, ...0-365 

Air at ordinary pressures...... 0-366 

Pure water, 0'04775 

Sea- water, ordinary, 0*05 

Spirit of wine, 0-1112 

Mercuiy, 0*018153 

Oil, linseed and olive, 0*08 

Brass, 0-0065 

Bronze, 0-0054 

Copper, 0-0055 

Cast iron, 0*0033 

Wrought iron and steel, 0-0036 

Lead, 00057 

Tin, 00066 

Zinc, 0*0058 

Brick, common, ....o*oio6 

,, fire, 0-0015 

Cement, 0*0042 

Glass (average), 0-0027 

Slate, 0-0031 

6. Effect of Presmire on BnlkineM of Perfect Gaa«a. — Given, the 
bulkiness of a perfect gas at a given temperature and under the 
absolute pressure of one atmosphere; to find the bulkiness at 
the same temperature under any other pressure; divide by the 
absolute pressure in atmospheres (see page 115). 

7. Explanation of the Table*.— Table I. is a general table of 
heaviness in lbs. to the cubic foot for gases, liquids, and solids, and 
of specific gravity for liquids and solids. Table II. gives the 
heaviness of eai-th in lbs. to the cubic foot and to the cubic jBxd, 



Me III. giTes the heaviiiess of Tarious kinds of rock in Iba. to 
e cubic foot^ and to the cubic yard; and the biilkiness in cubic 
3t to the ton. Table lY. gives, for various metals, the weights of 
cubic incli (column A); of a bar a foot long and an inch square 
olumn B); of a round rod a foot long and an inch diameter 
olumn C) ; of a plate a foot square and an inch thick (column D) ; 
^a cubic foot (column E); and of a sphere one inch in diameter 
clmnn F). To find the weight of one foot of a round rod of 
diameter given in inches ; multiply the number in column C hy 
MS sqnare of the diameter* For the weight of a foot of a cylio- 
eical tnbe^ multiply the number in column by the difference of 
te squares of the outside and inside diameters. For the weight 
t a solid sphere, multiply the number in column F by the cube of 
be diameter* For the weight of a hollow sphere, multiply the 
ime number by the differeace of the cubes of the outside and 
Qiide diameters* 
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ENESAL Table of Heayiness Aim Specific Geavity, 

Weight of ft cuhiQ 
foot in 

jAfiES, at 32° Fahr., and tinder one atmosphere : ^^ ftToirdtipda, 

Air, 0^080728 

Carbonic acid, .,* **,* 0-12344 

Hydrogen^ ..,* 0005592 

Oxygen^ .„...,*. 0089256 

Kitrogen, ,,.. 0'0785g6 

Steam (ideal), _ , , ,,„, €'05022 

K iEther vapour (ideal), 0-2093 

B Bisulphuret-of-carhon vapour (ideal), » * . . 0*2137 

~ Olefiantgas,,., .*..,,.... 0-0795 

LQmps at 32^ Fahr. (except Water, ^^'^^ifi J "^^"^ j^^r^lf 

which ia taken at 39°*! Fahr.); lla avoEnlupolH, pme water ^l 

Water, pure, at 3 9°' I J ^2-425 i-ooo 

8ea, ordinary,, 64*05 1*026 

I Alcoholj pure, w. 49'38 O'^jgi 

proof Bpirit, 57"i8 0916 

l-ffiher,.. ,.. .,,.,... 4470 0716 

JMercuiy, „.. 84873 13*59^ 

[Kaphtha^....... ., 62'94 0848 

I Oil, linseed, ,.,„.,. 58-68 0-940 

n <>live, 5712 09 

„ whale, 57*63 o*j 

„ of turpentine, 54"3l ^^ 

iPetavJaam,. ..,., ^,„ 54'Bt Q' 
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Weight of » oaUo 

foot in gnvi^f 

lbs. ayoirdupoiai pan mtar ~U 

Solid Mineral Substances, non-metallic : 

Basalt, 187*3 S***® 

Brick, 125 to 135 a to ri&i 

Brickwork, 112 I'd 

Chalk, 117 to 174 1-87 to 2^l 

Clay, 120 1*^ 

Coal, anthracite, 100 1*602 

„ bituminous, 77 '4 to 89-9 1*24 to 1*44 

Coke, 62-43 to 1036 1*00 to 1*66 

Felspar, 162*3 a-d 

Flint, 164a a^a 

Glass, crown, average, 156 a'5 

„ flint, „ 187 3^ 

„ green, „ 169 a7 

„ plate, „ 169 a7 

Granite, 164 to 172 2*63 to 2^6 

Gypsum, i43*6 a^a 

Limestone (including marble), 169 to 175 27 to a'8 

„ magnesian, 178 2*86 

Marl, 100 to 119 1*6 to 1*9 

Masonry, 116 to 144 1*85 to a*3 

Mortar, 109 175 

Mud, 102 1*63 

Quartz, 165 2*65 

Sand (damp), 118 1*9 

,, (dry), 88-6 1-42 

Sandstone, average, 144 2*3 

„ various kinds, 130 to 157 2*08 to 2*52 

Shale, 162 * 2*6 

Slate, 175 to 181 a-8 to 2*9 

Trap, 170 27a 

Metals, solid : 

Brass, cast, 487 to 524*4 7*8 to 8*4 

„ wire, 533 854 

Bronze, 524 8*4 

Copper, cast, 537 8*6 

„ sheet, 549 8-8 

„ hammered, 556 8*9 

Gold, 1 186 to 1224 191019*6 

Iron, cast, various, 434 to 456 6-95 to 7*3 

„ average, 444 7-11 

Iron, wrought, various, 47 4 to 487 7 "6 to 7 "8 
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Welc^t of a cabio Bpeoiflc 

foot in gravity, 

Uw. ftToirdupoia. pore water sL 

■TAL8, solid, — eontmuecL 

Iron, wrought, average, 480 7*69 

Lead, 712 11*4 

Platinum, 1311 to 1373 21 to 2a 

Silver, 655 105 

Steel, 487 to 493 7*8 to 79 

Tin, 456 to 468 73 to 75 

Zinc, 424 to 449 6*8 to 7*2 



Ash, 47 0753 

Bamboo, 25 0*4 

Beech, 43 0*69 

Krch, 44*4 0*711 

Hne-Gum, 52-5 0*843 

Box, 60 0*96 

Bullet-tree, 65*3 1*046 

Cibacalli, 56*2 0*9 

Cedar of Lebanon, 30*4 0*486 

Chestnut, 33*4 0*535 

Cowrie, 362 0579 

Sbonj, West Lidian,. 74*5 i'^93 

Hm, 34 0544 

Rr: Red Pine, 30 to 44 0*48 to 0*7 

p Spruce, 30 to 44 048 to 0*7 

American Yellow Pine,^ 29 046 

n Larch, 3^*0 35 0*5 to 0-56 

GineDheart^ 62*5 looi 

Biwthom, 57 0*91 

Eud, 54 086 

BMly, 47 0*76 

Hornbeam, 47 0*76 

Ummum, 57 0*92 

loioewood, 42 to 63 0675 to loi 

liidL See ''Fir." 

Ugnum-Yits, 41 to 83 0*65 to 1*33 

Lwiut, 44 0*71 

Mahogany, Honduras, 35 0*56 

„ Spanish, 53 o'^S 

15^ 49 079 

»» 67 ^*9» 

•220 XSaberJn every case ia sapposed to be dry. 
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Timber, — continued. 

Oak, Europeao, 

„ American, Red,. 

Poon, 

Saul, 

Sycamore, 

Teak, Indian, 

„ African, 

Tonka, 

Water-Gum, 

Willow, 

Yew, 



eight of a ouUo 


Spedflo 


foot in 


gravity, 


8. ayoirdupois. 


pme water =1. 


43 to 62 


0*69 to o'99 


54 


0-87 


36 


058 


60 


0-96 


37 


059 


41 to 55 


0-66 to 0-88 


61 


098 


62 to 66 


0-99 to I -06 


625 


I'OOI 


25 


04 


50 


0-8 



II. — Heaviness op Eabth. 

Gnbio Foot Cabio Yard. 

Chalk, from 117 to 174 lbs. from 3160 to 4730 lbs. 



Clay,. 

Gravel and Shingle, . 

Marl, 

Mud, 

Sand, dry, 

„ damp, 

Shale, 



120 to 135 
90 to no 

100 to 119 

102 
89 

118 

162 



3240 to 3645 
2430 to 2970 

2700 to 3210 „ 

2750 « 

2400 „ 

3190 » 

4370 » 



III. — Heaviness and Buleiness op Eock. 



Lbs. in one Lbs. in one 

Cubic Foot Cubic Yard 

Basalt, 187 ... 5060 

Chalk, 117 to 174 ... 3160 to 4730 

Felspar, 162 ... 4370 

Flint, 164 ... 4430 

Granite, 164 to 172 ... 4430 to 4640 

Limestone, 169 to 175 ... 4560 to 4720 

„ magnesian, 178 ... 4810 

Quartz, 165 ... 4450 

Sandstone, a verage,..o 144 ... 3890 
„ different ) x -^ - x 

tinds, / '30 to 157 •.. 3510 to 4240 

Shale, 162 ... 4370 

Slate (Clay), 175 to 181 ... 4720 to 4890 

110 .•• 4^90 



Cubic Feet 
to a Tom. 

12 

19*1 to 12*9 

136 

13-6 to 13 
13-2 to 12*8 

12'6 

136 

156 

17-2 to 14-3 
i3;8 

12-8 to I2'4 

13-2 




lY^ — Cubes, Eods, Plates, Bars, akd SPH:EaE3, 

Ibai Ibfl. l^a* lbs. Iba. 

, castjavei-age,,.. 0-298 a -81 3-53 43 "O 516 0^156 

wire,.,,. 0*308 2^gi 370 444 533 0-162 

0-303 2-86 3^64 431 524 OT59 

»pper, sheet,.., 0-318 3-99 3^81 4575 549 0-166 

Hammered, „, 0-322 3*03 3-86 46-3 556 0^1 63 

Iron, &t&% avei-age, . , 0*257 2*42 3-08 37^0 444 0^134 

ODt wrought, average, 0*278 3-62 3 - 33 40-0 480 0*146 

ad, --. 0-412 3'88 4*94 59'3 712 0-216 

Steel, average, 0*283 2*67 3*40 408 490 0*148 

Tin, average, .p,, 0-267 ^"5^ 3'^^ 3^*5 4^^ 0*140 

Zinc, avemge, „»...... 0-352 2*38 3*03 36*3 436 0-132 

8, Centre «f CJniTliT — OTomciil of Weight.— RtriE I. — The centre 

f gravity of a body of uniform heaviness is its centre of magnitude. 

See pages ^1 to SH.) 

KuLE II, — To find the moment of a body's weight relatively to 

a given plan^ ofmomerds; ninltiply the weight by the perjvetidicular 

distance of the body*s centre of gravity from the given plane. 

Note.— Ifi compuring together or combiniog the raoments of 
weights which lie some at one side and some at the other side of a 
plane of moments, those momentjs are to be distinguished into 
podtive and negative, according to the sides of the plane at which 
the weights liOt 

RtFLE III. — To find the common centre of gravity of a set of 
detached bodies ; find their several moments relatively to a con- 
venient fixed plane \ find the resultant of those moments by adding 
together, separately, tlie positive and negative moments, and 
dng the difierence between the two sums, which will be positive 
' negative according as the positive or negative sum is the greiiter* 
^vide that resultant moment by the total weight ; the quotient 
be the perpendicular distance of the common centre of gi-avity 
I tbe fixed plane j and its positive or negative sign will show at 
"i dde of the plane that centre lies. If necessary, repeat the 
t process for a second and a third fixed plane, so as to deter- 
ioe the position of the required eenti'^ completely. The two or 
dree planes (as the case may be) are usually taken perpendicular 
I each other. 

HtJLE ly . — To find the centre of gravity of a body consisting of 
Irts of unequal heaviness; find sej};irately the ceTttrea oi 
, and treat them as detached weights by Rule 111. 
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9. RfoBieiit of Inertia and Badlns of Ojmitloii. — ^RuLE L — To 

find the moment of inertia of a body about a given axis; conceive 
the body divided into an indefinite number of small parts; multiply 
the mass (or weight) of each part by the square of its perpendicidar 
distance from the axis; the limit towards which the sum of all 
the products approximates as the parts become smaller and more 
numerous will be the required moment of inertia. 

HuLE II. — Given, the moment of inertia of a body about an axis 
traversing its centre of gravity in a given direction; to find its 
moment of inertia about another axis parallel to the first ; multiply 
the mass (or weight) of the body by the square of the perpendicidar 
distance between the two axes, and to the product add the given 
moment of inertia. 

Rule III. — Given, the separate moments of inertia of a set 
of bodies about parallel axes traversing their several centres ol 
gravity ; required, the combined moment of inertia of those bodies 
about a common axis parallel to their separate axes; multiply the 
mass (or weight) of each body by the square of the perpendicular 
distance of its centre of gravity from the common axis; add 
together all the prodiicts, and all the separate moments of inertia; 
the sum will be the combined moment of inertia. 

Rule IV. — ^To find the square of the radius of gyration of a 
body about a given axis; divide the moment of inertia of the body 
about the given axis by the mass (or weight) of the body. 

Rule V. — Given, the square of the radius of gyration of a body 
about an axis traversing its centre of gravity in a given direction ; 
to find the square of the radius of gyration of the same body about 
another axis parallel to the first; to the given square add the 
square of the perpendicular distance between the two axe& 



10. — Table op Squares op Radii op Gyration. 



BODT. 


Axis. 


Badiu&« 


I Suliere of radius !•. 


Diameter 

Polar axis 
Axis, 2a 

Diameter 

Diameter 


2r» 
5"" 

2r» 
T 

5 

2(r»— r'») 
6(r» — r'*) 

2r» 
3 


II. Spheroid of revolution — ^polar semi- 

ATin /y. AnTiAfiiriA.1 rsuliiifl r. 


III. EUiosoid — nemi-axes a. 6. c. 


IV. Spherical shell— external radius r, 
internal 7^,...t*tTt*.T...T.T.ttTtt.T.«.f ..t 


V. Spherical shell, insensibly thin— ra- 

diiin r. tliickness (^7*. .trTrif***Tt 





SADTTS OF GTEATION— CENTRE OF PERCUSSION. 
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EODT* 


As IS, 


Badil's. s 


VL CireulAF cylinder — length 2a, rodiua r, 


Longitudinal i 


^3 




ilxIh, 2u 


2 


VlL Klliptie cylinder — ^length 2a, titans- ' 






vtirse aeml-ax^a bjG,*^.*^^*.^..^..*..*.*^ 


Longitudinal 


fr*+c» 




ax^ia, 2a 


4 


VnL Hollow circtilar cylinder — leogtli 3a, 






exteraul radius r, internal ?■',,■'""- 


Longitndin&l 


r=t+^a 




tLXlS, 2££ 


»> 


IX Hollow circoJar cylinder, insensibly 






thin— lonj?tli 2a^ radiua r, tbtekneas 






dn ' .". ■* 


Longitndinal 






axis, 2a 


r' 


X CHrcular cylinder— lengtK 2ff, radius 






r, »,.*...*» ...,♦,** 


TraiiBverB6 
diiuneter 


4^3 




XL Elliptic cylinder— lougth Sa^ traoH- 






verse eomi-axed 6, c, <**-***.«..«.. p.,-*-^ 


Trans veTBe 
axia, 26 


4^3 




ML Hollow circular cylinder— length 2a, 






ejcternal radius r, internal r^,.,,....». 


Transverse 


4 ■""•"a 




diameter 


Xm. Hollow circular cylinder* insensibly 






thin — radiu s r, thickness dr,.. 


Tranaverae 






diarafltei* 


XIV. Eectangubr prism — dimensions So, 
2*. 2^ .; ..,., 


Axisj 2a 


S^+c'* 


XV- Rhombic priara— length 2a, diagonals 


3 


2* 2t\,..,, ..„.,.„. 


Axiit 2a 

Diagonal, 26 


XVr* lihombic T>ri3nL bb al)OTCL.».*.^..i 


6 
6'*^ 3 





IL C'ettire of PcrcDBiJoB^EqHlrnlcnt 

L — To find the centre of percussion of 
A given bod^ turning about a given 

In %. 55, let XX be the given 
1X3$, aud G the centre of gray it j of 
lb body. From G kt fall G C perpen^ 
^-T^^ r to X X. Through G dmw G D 
l1 to X X, and equal to the 
i^uius of gmition of the bodjr about 
'ie axis G i>. Join CD. T hen will 
J E ^ C D - /G D« + C G2 ^ the 
%4luA of gyration of the bod/ about 
XX. Fmn* D dmw D B perpen^ 
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dicular to C D, cutting C G produced in B. Then will B be the 
centre of percussion of the body for the axis X X, 

To find B by calculation; make G B = v^vi» 

C is the centre of percussion for an axis traversing B parallel 
toXX. 

Rule II. — ^To convert the body into an "equivalent simple 
pendulum" for the axis X X, or for an axis through B parallel to 
X X; divide the mass of the body into two parts inversely 
proportional to G C and G B, and conceive those parts to be 
concentrated at C and B respectively, and rigidly connected 
together. 

(Let W be the whole mass, and C and B the two parts; then 



W'GB _ W'GC 
CB; ' ^~ CB 



) 



(The "equivalent simple pendulum" has the same weight with 
the given body, and also the same moment of weight, and the same 
moment of inertia, with the given body, relatively to an axis in 
the given direction X X, traversing either C or B.) 

12. Eqairalent Ring, or EqniTalent Fly-wheel. — ^When the given 

axis tmverses the centre of gravity, G, there is no centre of per- 
cussion. The moment of the body's weight is nothing, and its 
moment of inertia is the same as if its whole mass were concentrated 
in a ring of a radius equal to the radius of gyration of the body. 
That ring may be called the "equivalent ring," or "equivalent 
fly-wheel." 

V3. The Centre of Prevsnre in a plane surface is the point 
traversed by the resultant of a pressure that is exerted at that 
surface. 

Rule. — Conceive that upon the pressed surface as a base, there 
stands a prismatic solid of a height at each point of that surface 
proportional to the intensity of the pressure (page 103); the point 
in the pressed surface at the foot of a pei*pendicular from the centre 
of magnitude of the solid (pages 81 to 88) will be the centre of 
pressure. 

The following are particular cases : — 

I. Uniform Prewinre.— When the intensity is imiform, the centre 
of pressure is at the centre o/magnitvde of the pressed surface. (See 
page 49.) 

II. Uniformly Tarylng Prewure.— When the intensity of the 
pressure varies simply as the perpendicular distance from a given 
axis, the centre of pressure is at the centre of percussion of the 
pressed surface, relatively to that axis (see page 155); the surface 
being regarded as a thin plate of uniform thickness and 
heavinesa. 
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EZAKPLES OF CeNTBES OF UNIFOBMLY-YARYINa PRESSURE. 

In each of the following examples the greatest perpendicular 
distance of any point of the pressed surface from the axis is denoted 
bj h; and that of the centre of pressure from the axis by k. 



FlOUBB OT PBX8BBD SUBTAGB. 



PanUelogram, . 
Triangle, 



Triangle, 

SemiciTcle or semi-ellipBe,., 
(Srde or ellipse, 



^xA, j 



Hollow rectangle, — 
outer dimensiona, h 
inner dimensions, V 

Hollow square, h* — h'^,„ 

Hollow ellipse, — 

outer dimensions, & x A,... 

inner dimensions, ^^ x A^ . 
Hollow eiicle, — 

enter diameter, h, 

inner diameter, h' 



Axis. 



One edge. 

One edge. 

Through an angle, 
and parallel to the 
opposite edge. 
Diameter. 

Tangent. 

( One edge 

\ of the 

( outer boundary. 

Do. 



Tangent to J 

the outer > 

boundary. ) 

Do. 



* = 



0-58905^ 

8^ 
h hh^ — h'h'^ 

2h A^ 

3 '^Qh' 
h hh^ — h' h'^ 
2^8h{bh-b'h'y 

8 "*" 8A- 



14. The Cortre •£ Ba«yaiicj of a solid wholly or partly immersed 
in a liquid is the centre of giuvity of the mass of liquid displaced. 
The r^nltant pressure of the liquid on the solid is equal to the 
weight of liquid displaced, and is exerted vertically upwards 
through the centre of buoyancy. 
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P AET V. 

RULES RELATING TO THE BALANCE AND STABILITY 
OF STRUCTURED 

Section I. — Composition and Resolution op Forces. 

1. The Besnltant of a Distribnted Force.— RuLE I. — To find the 

resultant of a body's weight; find the centre of gravity of tlie body 
(as in page 153); the resultant will be a single force equal to 
the weight, acting vertically downwards through the centre of 
gravity. 

Rule II. — To find the resultant of a pressure; find the centre of 
pressure (as in page 156); the resultant will be a single force equal 
in amount to the pressure, and acting in the same direction and 
through the centre of pressure. (The amount of the pressure is 
equal to the area of the pressed surface, multiplied by the mean 
intensity of the pressure, and is also equal to the weight of the 
imaginary prismatic solid mentioned in page 156, Article 13.) The 
mean intensity of an uni/ormly varying pressure is its intensity at 
the centre of magnitude of the pressed surface. (See page 49.) 

2. Rcsnllant of Forces acting throaf^h one Point. — RuLE III. 

If the forces act along one line, all in the same dii-ection, their 
resultant is equal to their sum ; if some act in one direction and 
some in the contrary direction, the resultant is their algebraical sum; 
that is to say, add together separately the forces which act in the 
two contrary directions respectively; the difierence of the two 
sums will be the amount of the resultant, and its direction will be 
the same with that of the forces whose sum is the greater. 

Rule IV. — If the forces act along 
ttoo lines, O X, O Y (fig. 56), lay off 
O A and O B along those lines, to 
represent the magnitudes of the 
given forces; through A draw AC 
parallel to OB; through B draw 
B C parallel to O A, and cutting 
AC in C; join O C; the diagonal 
O C will represent the resultant 
required, in direction and maimi- 
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Pormula for finding the magnitude of O C by calcuktion ; 

00= a/|0A* + 0B2 + 20 A'OBoosAOK I 
rommliE for finding the direction of C bjr calculation ; 
MiiA0C-BiuAOB-S-J;BmBOC = dnAOB^^, 

BiTLE T, — Given, the directions of three forces which balance 
Mch other, acting in one plane and through one point; coua tract a 
triangle whose sides make the same angles with each otlier that 
the directions of the forces do ; the proportions of the forces to each 
ntber will be the same with those of the corresponding &ides of 
that triangle. 

To Bolve the same question by calculation ; let A, B, C, stand 
far the magnitudes of the three forces; A O B, B O C, G O Aj for 
Uie angles between their directions; then 

Bin B C ; ein C O A : sin A B : : A : B J 0. 



Fig. 67. 



Dach of those three forces is equal and opposite to the resultant 
of the other two. 

Rule VL^To find the resultant of any number (F^, F^, Y^ 
k^t tig. 57) of forces in difl:ei*ent direc- 
ttoas, acting through one pointy 0, 
Commence at the point of application, 
md construct a chain of lines repi'e- 
nenting the forces in magnitude, and 
paraikl t<> them in directiouj {O A = 
and II F;j, A B ^ and || F^, B G == and 
II Fg, &c} Let D be the end of tliat 
ibain ; join O D» this will represent the required resultant ; and 
a force (F^) eqiinl and opposite to O D will balance the givtjn 

(This rnle is applicable whether the forces act in one plane or in 
(liferent planes.) 

X Rc-aalutiAki ^f u rarce lilt« TiicUneil CwWiportCiito.— A Single 

iSurce inaj be resolved into two inclined components in the same 
f*kne acting through the same point, or into three inclined com- 
ponents acting through the same point but not iu the same plane. 

Eui^E YIL Two Compmimits. — In fig 56, j>age 1 ^B^^ let O C be the 
given force, and O X and O Y the directions of the required com- 
Ijonents. Tlirough C dmw A parallel to Y, cutting O X in 
A, and C B pamllel to O X, cutting Y in B; O A and O B 
liE be the required components ; and two forces Tes^y^^Aivi^^ 



uiiL^iL 
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equal to and directly opposed to these will balance O C. For the 
proportionate magnitudes of the components, see Article 2 of this 
section, Rule V., page 159. 

BULE VIII. Two Rectangular ComponeTUs, — ^When the directions 
of the required components are perpen- 
dicular to each other, let It denote the 
resultant, or force to be resolved; X and 
Y thQ required components, a and /S the 
angles which they make respectively with 
R. Then 




Fig. 68. 



« + /3= 90^; X = Rco8« = Rsin^; 
Y = li cos /0 = R sin «; 

X2 + Y2 = R2 

Observe that cosines of obtuse angles are 
negative. (See page 53, line 2.) 

Rule IX Three Components. — ^In fig, 
58, let O H represent the given force 
which it is required to resolve into three component forces^ acting 
in the lines O X, O Y, O Z, which cut O H in one point O. 

Through H draw three planes parallel respectively to the planes' 
Y O Z, Z O X, X Y, and cutting respectively O X in A, O Y in 
B, O Z in C. Then will O A, OB, 0, represent the component 
forces required. 

Rule X Three Rectangular ComponerUs, — ^When the directions 
of the three required components are perpendicular to each other, 
let R denote the resultant, or force to be resolved, X, Y, Z, the 
required components, and «, /8, y, the angles which they respec- 
tively make with R. Then 

cos 2flB 4- cos 2^ + cos 2y = 1 j X = R COS « ; 

Y = R cos /3; Z = R COS y; X2 + Y2 + Z2 = R2 

Observe that cosines of obtuse angles are negative. (See page 53, 
line 2.) 

4. Besnltant of any Namber of Inclined Forces Acting tluroagk 

one Point. — To solve the same question by calculation that is 
solved in Rule VI. by construction. 

Rui<E XI. (When the forces act in on^ plane.) — ^Assume any 
two directions at right angles to each other as axes; resolve each 
force into two components (X, Y) along those axes; take the 
resultants of those components along the two axes separately 
(2 X, 2 Y) ; these will be the rectangiUar components of the resiUkuU 
"B. of all the forces', that is to say. 
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md if « be the angle which K makes with X, 

2X . 2 Y 

cos « = -^; sm « = -^T-, 

Bulb XIL (When the forces act in different planes). — Assume 
iBj three directions at right angles to each other as axes; resolve 
mdk force into three components (X, Y, Z) along those axes; take 
the xesaltants of the components along the three axes separately 
(2X, 2 Y, 2 Z); these will be the rectangukur components of the 
renUtami qfaU ihefprcea; and its magnitude and direction will be 
giTen by ^e following equations : — 

R=a/|(2X)2 + (2Y)2 + (2Z)2l. 

2X ^ 2Y 2Z 

cos « = -j^ j COS /3 = -j^; cos y = -^^. 

5. Cmmt^Bm^r-lji fig. 59^ let F, F, represent a couple of equal, 
ptnllel, and opposite forces, applied to a rigid body, and not acting 
in the same line ; L, the perpendicular 
dutenoe between their lines of action; 
ihoi F is the force of the couple, 
Ltheorm^ apcm, or leverage; and the 
product force x leverage = F L, is the 
Mietd momerU of the couple, which is 
Dght or lefb-handed according as the 
eoaple tends to turn the rigid body, as *^' 

Been by the spectator, with or against the hands of a waicli. (For 
measures of statical moment, see page 104, Article 7.) Couples of 
the same moment, acting in the same direction, and in the same 
phme or in parallel planes, are equivalent to each other. 

BuLE XIIL — ^To find the resultant moment of any number of 
eoaples acting on a rigid body in the same plane, or in parallel 
planes. Take the sums of the right-handed and left-handed 
moments separately; the difference between those sums will be 
the resultant moment, which will be right-handed or left-handed 
aooording to the direction of the moments whose sum is the 



BnuB XIV. — ^To represent the moment of a couple by a single 
Kml Upon any line perpendicular to the plane of the couple, set 
off a length proportional to the moment (O M, fig. 59), in such a 
direction that to a spectator looking from O towards M, the couple 
ahall seem right-handed. The line O M is called the aocis of the 
ooopla 

Couples as represented by their axes are corQipo\xivd.^6L ^^A 
tesolyed like sin^e IbrceSj by Riilen L to XII. of this ^citioii. 

If 
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Fig. 60. 



Rule XV. — ^To fiod the resultant of a single force, F, applied 
to a rigid body at O, and a couple, M, acting on the same body in 

the same or in a parallel plane. 
Conceive the force, F, to be 
shifted in that plane, parallel 
to itself, to the left if the couple 
is right-handed, to the right 
if the couple is left-handed, 
through a distance, O A, found 
by dividing M by F. The 
shifted single force, F acting 
through A, will be the resultant 
required. 

(The combination of a single force with a couple acting in a plane 
perpendicular to the line of action of the force cannot be further 
simplified.) 

Rule XVI. — ^To resolve a single force into a single force acting 
in a different but parallel line, and a couple. In ^g. 60, let F be the 
given force acting in the line E D, and B a given point not in £ D. 
Through B conceive a pair of equal and contranr 
forces to act in a line parallel to E D ; viz., + F 
equal to F and in the same direction; and — V 
equal to F and in the contrary direction ; alao^ 
let fall B A perpendicular to E D. Then the 
original force F acting through A, is resolved 
into the equal and parallel force F* acting 
through B, and the couple of forces F and — P, 
with the arm A B and moment F x A B ; which 
couple is right or left-handed according as B lies 
to the right or left of F, relatively to a spectator 
looking in the direction towards which F acts. 

F X A B is called the moment of the force F 
relatively to tlie point B; or relatively to the 
axis O X traversing B in a direction perpen- 
dicular to the plane of F and A B;" or relatively to a j^aitm 
traversing B perpendiculai'ly to A B. 

6. Parallel Forces — RuLE XVII. — To find the resultant of two 
parallel forces. The resultant is in the same plane with, and 
parallel to, the components. It is their sum or difference according 
as they act in the same or contrary directions; and in the latter 
case its direction is that of the greater component. To find iti 
line of action by construction, proceed as follows : — Fig. 62 repra> 
sentiug the case in which the components act in the same direction, 
fig. 63 that in which they act in contrary directions. Let A D 
id B E be the components. Join A E and B D, cutting each 
ler in F. In B D (produced in fig, 63), take B G = D K 




Fig. Gl. 
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Tkt*ugli G di'aw a line parallel to the components ; this will be 
ik> line of action of the reaultaut To £jid its luagiiitude b^ con- 



<jfr 



iiniGtioii : parallel to A E, draw B C and D H, cutting the line 
Af aetion of the resultant in C and H j C H will represent the 
resultant reqtiired ; and a force equal and opposite to H will 
Isknee A D aod B R 

To fimd the Une of action of the resultant bj calcidation; make 
either 

ADDB _„ BEBB 



EG = 



OH 



o,DG^^-g.- 






EtJLE XTUI. — When the two given parallel forces are opposite 

d equals thej form a conplsj and have no single resultant* 

'Rule XIX. — To find the relative pro- 

rtions of three parallel forces which halance 
eacb other, acting m one plane; their lines 
«f action being given. Across the three 
lines of action, in any convenient posit ion, 
ilmw a straight line A B, fig. 64, and 
iDeaiaure the distancea between the points 
where it cnta the lines of action. Then 
ach force will be proportional to the dis- 
tmce between the lines of action of the 
ttiiier two. The direction of the middle 
force C 13 contrary to that of the other twa 
fcreesj A w.nd R Fig. 64* 

In svinbols, let A, B, and Cj be the forces; then, 

A + B + = 0; AB :B C : C B : : C : A ;B. 
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Each of the three forces is equal and opposite to the resultant of ^ 
the other two ; and each pair of forces are equal and opposite to 1^ 
the components of the third. Hence this rule serves to resolve a ' 
given force into two parallel components, acting in given • lines in h 
the same plane. j:: 

EuLE XX. — To find the relative proportions of four parallel 
forces which balance each other, not acting 
in one plane; their lines of action being 
given. Conceive a plane to cross the lines of f 
action in any cdnvenient position; and in V 
^g, 65 or fig. 66, let A, B, C, D, represent V 
the points where the four lines of action cat j 
the plane. Draw the six straight lines ] 
joining those four points by pairs. Then ; 
the force which acts through each point will 
be proportional to the area of the triangle 
Fig. C5. formed by the other three points. 

In fig. 65, the directions of the forces at 
A, B, and C, are the same, and are contrary to that of the force at 
D. In fig. 66 the forces at A and D act in one direction, and 
^ those at B and C in the contrary direction. 

In symbols, 

A+B + C+D = 0; 

BCD:CDA:DAB:ABO 

Fig.6?. :: A : B : C : D. 

Each of the four forces is equal and opposite to the resultant of the 
other three; and each set of three forces are equal and opposite to 
the components of the fourth. Hence the rule serves to resolve 
a force into three parallel components not acting in one plane. 

Rule XXI. — To find ttte resultant of any number of parallel 
forces. 

Case I. — ^When the parallel forces act all in one direction, the 
magnitude of their resultant is their sum. Consider the parallel 
forces as detached weights, and find the position of the common 
centre of gravity of those weights by Part IV., Article 9, Rule IIL, 
(page 153); the line of action of the resultant will pass through '^ 
that centre. 

Case II. — ^When the parallel forces act in two contrary direc- 
tions. Find separately, as in Case I., the magnitudes and lines of 
actioii of the resultants of the forces which act in the two contnuj 
directions respectively; if those two resultants are unequal, find ■ 
the final residtant by Rule XVII. ; if they are equal, they form 
" couple, and have no single force as a resultant 







1. ^rlaHSutnif and Po1rs<*i><Ll Vrnmcfl. — A fl'ama CDDt^iBts of barf? 
nected together at their ends by joints which oiler no eenaible 
li!gist£kiice to the turning of one bar into a different angiilar 
podtioa relatiYelj to the nextj the resiatance to such turning 
licing given by the fixing of the fait)ier euda of the bat's alone. 
The point in a given joint ahayt which euch turning would take 
f(!ace is called the centre of remsiance of the joint; the straight 
line joining the centres of resistance at the enda of a bar ia called 
the line ofresiMajice of that bar. A bar is called a strutj or a lie, 
according as a thmst or a puU is exerted along its lino of reaist- 
aaeev A fi^u^ ahowing the centres of resistance and lines of 
W^Jilntance alone may be called the itkeldon diayram of a frame. 
When a joint is spoken of as a jwint, its centre of resistance m 
meant \ when a bar k s^aiken of as a line^ its line of resistance 
h meant 

When the balance and stability of a frame alone are in question, 
aid not its strength, the load may be treated as if concentrated at 
the centime of resistance; and if not actually so concentrated, the 
following mle is to be used : — 

RiTLE I* — Giveiij the actual load distribnted over a frame, whether 
msing from external forces or firom its own weight, and the distri- 
"^ ition of that load ; to find tlie equivalent load concentiuted at the 

itres of resistance of the jointa By the rules of the preceding 
iectioD, and of Part IV., find the rej^ultant of the load on each 
Iwr; theo, by Kule XIX, of the preceding section (page 163), 
re-^jlve each auch resultant into two partilkl components acting 
Uirongh the centres of i-esistance at the ends of that barj then 
tnfce the resultants of those components for each joint separately; 
thoae resultants will form the equivalent load required. 

Rule IL — Given, the load on a frame, and the line or lines of 
n.'sdstanoe of its supportja; to find the supporting force or forces, 
commence by Ending tlie i^sultunt of the whole load by the rules 
tjf the preceding section, and of Part lY. 

Case L' — If there is but one support, its line of resistance mnst 
coincide with the line of action of the resultant of the whole 
lo»d ; and the supporting force must be equal and opposite to that 
residtant. 

Ciise II. — When there are two supports^ their lines of resistance 
maHt be in the same plane with the line of action of tlie resultant 
load* and must either be pai'allel to it, or, if inclined, cut it in one 
pint If paniUelj use Rule XIX» (imge 163), or, if inclined, use 
Eyle YII. (page 159) of the preceding section to Tes,ol^ft t\ift ^ 
ntltaui load into two components acting along the lin^ <A xm!^ 
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of the supports; the two supporting forces will be equal and 
opposite to those components. 

Case III. — When there are three supports, their lines of resist- 
ance must be either parallel to the line of action of the resultant 
load, or must cut it in one point. If parallel, use Rule XX. (page 
164), or, if inclined, use Rule IX. (x)age 160) of the preceding 
section, to resolve the resultant load into three components acting 
along the lines of resistance of the supports; the three suppoi-ting 
forces will be equal and opposite to those components. 

Remark. — In all the following rules, those components of a 
distributed load which, as found by Rule I., rest directly on the 
supports of the frame, are understood to be left out of account; and 
the supporting forces are supposed to be determined exditsive of 
such parts of them as are required in order to sustain such direct 
loads on the supports. 

Rule III. — To distinguish struts from ties. In ^g, 67, let A 
and B C be the lines of resistance of two bars of a fiume meeting 

at the joint C. Produce those lines 
beyond C, as shown by C D, C E; 
and draw a line to represent the 
direction of the load at C. Then, if 
that direction lies between A C pro- 
duced and B C produced, as at 1, 
both bars are ties; if between A 
produced and C B, as at 2, A C is a 
tie and B C a strut; if between C A 
and C B, as at 3, both bars are struts ; 
if between C A and B C produced, as at 4, A C is a strut and B 
a tie. 

Remark as to stability and instability, — A tie is stable, even 
although one or both ends are moveable. A strut is unstable, 
unless both ends are fixed. A frame composed altogether of ties 
is stable even although flexible. A frame containing struts must 
be stiffened, so as to fix their positions. 




Fig. 67. 





Fig. 69. 



Rule IV. — Given, in a triangular frame, loaded and supported 
verticaUy, the skeleton diagram (fig. 68), to find the relative pru- 



FRAMES. 
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portions of the forces acting in the ftame* Let A, B, C, be the 
three bars, 1, 2, 3, the thi^ee joints. Construct the diagram of 
jhrcest lig. 69, aa follows :■ — FiTim any point, O, dinw 
A, O E, O C, |Mnillel to the lines of resistance 
A^ Bj C, respectively ; then across those three lines 
draw the vertical line ABC, Then the required 
|iraportions ai^ as follows : — 



I^Oful 



RuppoTtJoff 



BO 



Stress Aloug 

A : B : C 
A :0B :0C: 



Kg. 71, 



and from these proportionSj if any one of the six 
forces is given, the other five miiy be found 

From O, perpeodicnlar to A B C, draw O H, 
This will represent the /lorizontal stress of the frame, which is the 
flame in each bar. To find this and the otlier forces by calculation 
from the load A^ let a, bj c^ be the angles of slope of the three 
lines of resistance; then 



tan c ; 



tan a 



AB - OH 



(tan a =p tan &); E ^ O H * (tan 5 =±^ tan ^ 

The aiffn f + I IS to be used when the two 1 opposite directions 
^^ t - J inclinations are in J tlie ,mme direction. 

OA- OH -sec a; 0B = OH'sec6; OC-OH^ sec c. 

Rule V, — Given, in a polygonal J^ramB^ loaded and supported 
weriicallpf the skeleton diagianv, fig. 70, to find the relative pro- 
portions of the foi-ces. Let A, B, C, P, E he the bars ; 1^ 2, 3, 4, 5, 
the jointSj of which 1, 2, 3 are loaded, and 4, 5, supported. Con- 
struct the diugram of forces, fig. 71, as follows :— From any point, 
O, draw radiating lines, O A, OB, O C, &c., paralk4 respectively to 
die lines of resistamie A, B, C, dec, in fig. 70, Then draw a 
reitical line, A D, across the radiating lines. Then, taking the 
whole length, A D, to repi-esent the whole load, the several parts into 
which that length is cut by the lines O B, O C, <fec,, will i-epresent * 
the jjarts of the load which must rest on the aevend loaded joints 
in order that the frame may be balanced. For example, B C in tig, 
71 iiepr€sent,s the fjart of the load to be applied at the joint 2 in 
fig. 70, where the bars E and C meet. AlsOj the parts D E and 
E A into which A D is divided by the line A E, pai-allel to tlie 
bar E, which connects the points of support, 4 and 5, in tig, 70, 
i^present the supporting forces at those points respectively. The 
lengths o£ the mdiating lines O A, &c., represent the stresaea alou^ 
the lines of resfstauc© to which they arts respectively -gaxsiii^ 
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From O let fall on A D the perpendicular O H. This will 
represent the horizontal stress of the fmme. 

Remarks. — By omitting from the skeleton diagram, fig. 70, the 
bar E, which connects the points of support, the frame becomes an 
open framiAy in which case the supporting forces become identical 
with the stresses along the outer bars, A and D, and are repre- 
sented by D O and O A in fig. 71. The obliquity of those forces 
renders ahviments necessary at 4 and 5, and not mere vertical 
supports. 

The frame shown in fig. 70 consists chiefly of struts, and is 
therefore unstable unless their ends are fixed by means of suitable 
stays. If the same figure be inverted, the bars which were struts 
become ties, and the frame is stable, although flexible. 

Rule YI. — Given, in a vertically-loaded polygonal frame, the 
load and its distribution, and the inclinations of the two outer bars, 
A and D, ^^. 70 ; to find the inclinations of the remaining loaded 
bars, in order that they may be balanced. In %%. 71 draw a ver- 
tical line, A D, to represent the whole load, and divide it into 
paits, A B, B C, (fee, to represent the parts of that load which are 
to be supported at the several loaded joints. From the ends of 
that line draw A O and D O parallel to the lines of resistance of 
the two outer bars, and cutting each other in O; then draw 
radiating lines, O B, O 0, (fee, from O to the points of division of 
A D; these will be parallel to the lines of resistance whose 
inclinations are required. 

Rule VII. — Given, in a polygonal frame, vertically loaded, the 
total load and the inclinations of the lines of resistance of the two 
outer bars; to find the horizontal stress, divide the load by the 
sum, of the tangents of those inclinations, if they are contrary, or 
by the differeme of those tangents, if the inclinations are similar. 

Rule YIII. — Given, the skeleton diagram of a vertically-loaded 
polygonal frame and the horizontal stress ; to find how much of the 
load is supported between any two bars, multiply the horizontal 
stress by the difference of the tangents of the inclinations of the 
lines of resistance of those bars, if they slope the same way, or by 
the sum of those tangents, if the lines of resistance slope contrary 
ways. 

KuLE IX. — From the same data, to find the stress along a given 
bar ; multiply the horizontal stress by the secant of the inclination 
of the line of resistance of that bar. 

2. Braced Frames— Iflethod of Triangles.— When the external 
forces applied to a frame, although balancing each other as an 
entire system, are distributed in a manner not consistent with the 
equilibrium of each bar separately; then, in the diagram of forces, 
upon attempting to construct a scale of loads having its points of 
division on the radiating lineii, as in fig. 71, gaps will be left in 
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til at scale. The lines necessaiy to fill Tip those gaps will indicate 
the farces to be supplied by Tueana of the resistance of hraces. 
These may be either struts or ties, connecting two or more jointa 
together. 

The resistance of a brace introduces a pair of equal and opposite 
forces, acting along the. line of reaistance of the brace^ upon the 
pair of joints which it connects. 

X ]Ti«ihod «f ^i^uouii Applied lo l^fttmcii. — When a yertically- 
loatled biiiced frame is ,i 
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intermediate bai*s, 01, 12, 2 3, ifea, the 



80 designed that a 
vertical cro^is- section 
of it at any point 
cuts not more tban 
three lines of resisi;t- 
ance, the method of 
mii&iis may be a^x^ 
plied as follows : — ^The 
uppeT aod lower bars, 
m 1 3j 3 5j &c,j and 
2, 2 4, 4 6, &c,, in 
fig. 72, may be called 
the striufjerSj and the 

Rule T. — Given the skeleton diagt^m, and the load at each of 
the joints (1^ 3, 3, ifec.), to iind the stress exerted along any one of 
the stringers (as 3 5). Find the supjTorting forces by Erule II- of 
the last Ai-iicle (page 165), Then conceive the fmme divided into 
two partsj by a section traversing the joint that is opjjosite 
t!ie sfciinger under consideration (for example, the joint 4, oppo.site 
tiie stringer 3 5). Take the resultant moment relatively to the 
jmnt 4 (see preceding section) of all the external forces which act 
ua one of those parts, (That is to say, in tlie present example, 
lake the moment of the snpporting force at the joint 0, by 
liiultipiying it by its horizontal distance from 4; and fi'om that 
moment subtract the moments of the several partij of the load 
which act at 1, 2, and 3.) From the juiut (4) opposite the 
tftringer in question, let fall a perpendicular (4 P) on the line of 
j^aiatanoe of the stringer (3 5) j divide the residtant maraciit by 
tlie length of that perjjendicnlar; the quotient will be the stress 
along the stringer in qticstit»n. To find whether that stress is 
thrust or tension^ consider in which direction the resultant mo- 
ment tends to turn the part of the frame on which it, acts about 
the joint (4); the stress will be of the kind which resists that 
lexidency. (In the example the stress is thrust far the upper 
SilriJigeri?^ tension for the lower.) 

Rt^LE IT — To Md the vertical componeni ot lAift stiesa ^Qiii%t 
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stringer, multiply the whole stress by the difference of level of the 
ends of the stringer, and divide by the length of the fitringer. 
If the stringer is horizontal, its stress has no vertical component. 
The stress of each stringer having been found, the next step is 
as follows : — 

EuLE III. — In the same case, to find the stress along any one of 
the braces (for example, 3 4). Conceive the frame to be divided 
into two parts by a vertical section, S S, traversing the brace in 
question. Take the resultant of all the external forces which act 
on one of those divisions. (That is to say, in the example shown, 
from the supporting force at the joint O subtract the loads at the 
joints 1, 2, 3.) With that resultant combine the vertical com- 
ponents (if any) of the stresses along the two stringers cut by the 
section (in this case 3 5 and 2 4). The vertical component of the 
required stress on the brace will be equal and opposite to the final 
resultant found by the preceding processes, and being multiplied 
by the ratio in which the length of the brace is greater than the 
difference of level of it* ends, will give the whole stress along 
the brace. 

4. lioaded Chains. — BuLE I. — Given the figure of a loaded chain, 
C B A D; to find the position of the resultant load on any part of 
it, A B, and the relative proportions of the forces acting on that 

part of the chain. Draw 
tangents, A P and B P, 
to the chain at the two 
ends of the part in ques- 
tion, cutting each other in 
P; the Ime of action of 
the resultant load on the 
part A B traverses the 
point P. Also, construct 
^'^' '^^' a triangle (such as B P X), 

with its three sides parallel respectively to the two tangents and 
the resultant load: those three sides will bear to ea^h other the 
relative proportions of the tensions a,t A and B, and the load sup- 
ported between A and B. 

BuLE II. — Given, in a vertically-lo&ded ohain, the total load, 
and the figure in which the chain hangs; to find the distribution 
of the load, and the tension at any point of the chain. Construct 
the diagram of forces, ^g. 74, as follows : — Draw a vertical straight 
line, C D, to represent the total load, and from its ends draw C O 
and D O, parallel to two tangents at the points of support of the 
chain, and meeting in O; those lines will represent the tensions 
on the chain at its point of suppoi-t. 

Let A, in fig. 73, be the lowest point of the chain. In fig. 74 
" Hw the horizontal line A j this will represent the horizontal 
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component of tb© tension of the chain at every point, and if B be 
|ittrftllel to a tangent to the chain at any point B, A Ej in tig. 74, 
wi]J repi'esent the portion of the load BQ]iported between A and Bj 
snd E the tension at B, 

Rui^ III. — Given, in a vertically loaded chain, the load and ita 
distribution ; the points of suspension, and CT (fig. 
75), which points are supposed at the same levei, 
and the horizontal tangent, H H', at the lowest 
point of the chain ; to construct the figure in which 
tbe chain will hang. By Bule XXI. of the pre- 
ceding section (page 1(j4), find the resiiltaiot load, 
R; then by Rule XIX, of the same section (page 
163), find the vertical componentSj P atid F, of tlie 
two 8upporting forces (equal and opposite to two 
parallel components of E, through C and C). Then, 
from the known distribotioti of the load, find 
the position of a vertical line, A F, dividing the 
total load, B = P + F, into two parts equal to the adjacent 
Bxippurting forces^ P and P respectively; the point A^ where 



Fig. 74. 




Fig, 75. 

that vertical line cuts the horizontal tangent H H', will be the 
^cwsffi point oj the dicdn. Next^ to find the horizontal tension; 




Fig, ZC. 

omsoeive the chain divided into two parts by a vertical ^lau^ 
thiough A F; take the re^sultaot moment, reUtivdy to tV^A. ^^$m 
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of all the vertical forces which act on one of those parts: for 
example, of the supporting force P, and of those parts of the load 
which hang between C and A ; divide that moment by the greatest 
depresswrif F A; the quotient will be the horizontal tension. 
Lastly, to find the depression, X B, of any other point, B, of the 
chain below the level of the points of support; conceive the chain 
to be divided into two parts by a vertical plane through X B; find 
the resultant moment, relatively to that plane, of all the vertical 
forces which act on one of those parts; that is, of the supporting 
force P, and of those parts of the load which hang between C and 
B ; divide that resultant moment by the hoiizontal tension ; the 
quotient will be the required depression, X B. 

The resultant tensions at the points of support are, respectively, 
J (H2 + P2) and J (H2 + F2), where H denotes the horizontal 
tension. 

A balanced chain, being inverted, gives the curve of equilibrium 
for a rib loaded in the same manner with the chain. The tensions 
in the chain became thrusts in the rib. 

5. Chalut with I^oad Uniform OTer the Span. — The assumption 
that the load is uniformly distributed over the span of a chain is, 
in most cases of suspension bridges, neai* enough to the truth for 
practical purposes. In fig. 76 let B A C be a chain so loaded; A, 
its. lowest point; D A E, a horizontal tangent at that point; B 
and C, the points of support; B D and C E, vertical lines through 
them. The cui^e B A C is a common parabola, with its vertex at 

A. LetDE = a; BD = 2/i; CJ E = 2/2; AD = a;^; AE = ajgi 

so that x^ + X2 = a, 

Rule I. — Given, the elevations, y-^^ y^, of the two points of 
support of the chain above its lowest point, and also the horizontal 
distance, or span, a, between those points of support; it is required 
to find the horizontal distances, x^, x^, of the lowest point from the 
two points of support : also the focal distance, m, of the parabola. 

^ = a. n/^i ; X, = a> , ^y\ ^. 



m 



When the points of support are at the same level. 



a a^ 



Vi = 2^2^ ^1 = ^2 = 2' ^ = 16 



2^1 



In the latter case the height y^ = y^ is called the depression. 
Rule II. — Given, the same data, to find the inclinations, i^, i^ 
of the chain at the points of support. 
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when the points of support are at the same level, 



t/i = Vil tan^i = tan 1*2 



4 



2/1 



a 



RxTLE IIL — Given, the same data, and the load, p, per unit ol 
length : required the horizontal tension, H, and the tensions, E.^, Kg, 
at the points of support. 



2 



H = 2pm = ti , , 

2 yi + 2 yj + 4 ^/ yi y^ 

When the points of support are at the same level, or that y^ = 1/2, 
those equations become 

RuuE IV. — Given, the same data as in Problem First, to find 
the length of the chain. 

Calculate the lengths of the arcs A B = «j, and AC =82, by 
the rules of page 79, Article 5, and add them together. 

Rule V. — Given, the same data, to find, approximately, the 
small elongation of the chain d (^^ + 8.^ required to produce a given 
small depression, d y, of the lowest point A, and conversely. 

dy *6\x^ xj' 

When y^ = yg* *^ equation becomes 

2 d 8-^ _ 16 ?/i 
d y " 3a 

These formulse serve to compute the depression which the middle 
point of a suspension bridge undergoes in consequence of a given 
elongation of the cable or chain, whether caused by heat or by 
tension. 

Rule VI. — To find the pressure on the top of each pier. If the 
chain passes over a curved plate on the top of the pier called a 
toddle, on which it is free to slide, the tensions of tl\tt "ipoT^ivoxi^ ' " 
the chain or cs^ble on either side of the saddlo ^V!\l \)^ ^\^ 
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equal; and in order that those tensions may compose a vei'tical 
pressure on the pier, their inclinations must be equal and opposite. 
Let i be the common value of those inclinations; R the common 
value of the two tensions; then the vertical pressure on the pier is 

Y = 2 R sin I = 2 H tan t = 2 j[> a;; 

that is, twice the weight of the i)ortion of the bridge between the 
pier and the lowest point, A, of the chain. 

But if the two divisions of the chain which meet at the top of a 
given pier are made fast to a truck, which is supported by rollers on 
a horizontal cast-iron platform on the top of the pier, let i, i*, be 
the inclinations of the two divisions of the chain or cable in opposite 
directions, and R, R', their tensions; then 

R = H sec t; R' = H sec i'; 
Y = R sin i + R' sin i' = H (tan i + tan {), 

6. The CatenaiT is the curve in which an uniform chain hangs, 
when loaded with its own weight only, or with a load everywhere 
proportional to its own weight. (See fig. 22, page 80, and its 
explanation.) 

Rule I. — Given, in fig. 77, the catenary A B, and its directrix 
O X, and the weight of an unit of length of 
the chain; to find the hoiizontal tension. 
Multiply the parameter O A by the weight 
of an unit of length of chain. 

Rule II. — To find the tension at any 
point, B, of the chain. Multiply the height 
of the ordinate X B from the dii'ectrix to 
Pig 77 the given point, by the weight of an unit of 

length of chain. 

7. A Catenarian uib is of the figure of a catenary inverted, the 
directrix being above the curve, and the curve concave downwards. 
To represent it, conceive fig. 77 to be turned upside down. It is 
the form of equilibrium for an arched rib loaded in such a manner 
that the load on any arc, A B, is proportional to the area, O A B X, 
of the spandril, or space between the rib and its directrix. 

Rule I. — Given, a catenarian rib and its directrix, and the 
weight of load corresponding to an unit of area of spandril; to find 
the horizontal thrust. Multiply the square of the parameter O A 
by the load per unit of area. 

Rule II. — To find the thrust at any point, B, of the rib. Mul- 
tiply together the parameter O A, the ordinate X B, and the load 
per unit of area. 

A TrauMformed Catenarian Bib is a CUrve SUch aS a & in ^g, 77 

(still supposed to be turned upside down), which curve is so related 




t!ATE?rAKIA3!r BIBS. 



175 



tn the common catenary, A B, that the ordinates drawn to it from 
tlie directrix J O X, of both curves, Biich aa Oa and X6, bear every- 
where a constant prtvportion to the corresponding ordinateSj su^h 
as O A and X B» of the common eatenaij; or, in aymbobj 



= ,.-tc ^ >T— i" ^ - = constant 

A trariBfonned catenary is a form of equilibrium for an arched rib 
Jiiaded in such a manner tljut the load on any arc, a 6, ia propor- 
tional to the area, of spandril, *j 6 X. 

Rule III. — Given, in a transformed catenary, the least ordinate, 
O A ^ a; any other ordinate, X B = ^; and the half-span, or 
distance between them, X = a?; to find the parameter, A = 7?ij 
of the corresponding common catenary. Use the following formula ; 

m = a: ^ hyp. log. (| + y^^^ _ 1 ). 

(For hyperbolic logarithms, see page 38. For squares and square 
riK>ta, see page 11.) 

Rule IV .- — In a transformed catenarian rib under a given load 
per itnit of area of spandril, to find the horizontal thrust; mid ti ply 
the square of the parameter A O (found by Rule HI-) by the load 
per unit of area of apandril* 

Rule Y.—To find the thrust along the rih at any point, E; let 
H denote the horizontal thrust ; P, the vertical load corresponding 
to the area of emndrilj O a & Xj T, the required tbi-utit; then 
T = ^(1P + F2}, 

KvLE YI. — To find the radius of curvature of a transformed 
catenary at its vertex or crow?t, a; divide the square of the para- 
meter, O A, by the least ordinate, Oa. 

(The radius of curvature of a common catenary at its vertex, A, 
m equal to the paiinnutcf, O A.) 

Table for Oatejtabtak Ribsl 



f3l 


a 


m dy 
adx 





1 'GOOO 


'OOGO 


0*2 


I'OSOO 


^2013 


0-4 
0-8 


I'oSio 
I^i8$4 
1-3373 


■4107 
■8880 
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i'543i 
i-8io6 


1^1753 
1*5094 


1'4 


2*1509 


^yo4S 
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1 


mdy 
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adx 


I '6 


2'5774 


2'3755 


I '8 


3-^074 


2-9421 


2*0 


37622 


3-6269 


2*2 


45679 


4^4571 


2 '4 


5-5569 


5 4662 


2-6 


67690 


66947 


2*8 


8-2525 


8-1918 


3^0 


io*o6'^6 


\OQ\^^ 
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To intei'polate the ordinate, y zi^v^ corresponding to an inter- 
mediate half-span, x =±z u, when corresponds to - in the table; 
make 



a 



a \ "^ 2 m2^ 24 mV — a d x\m^ Q m^J 



This computation is to be performed by addition to the number 
next below in tho table, or by subtraction from the number next 
above, according as the intermediate half-span lies nearer to the one 
next below it or to that next above it. 

8. Uniformif Pressed Ho^ps.— The stress on a hoop is tension if 
it is pressed from within; thrust if it is pressed from without. If 
the pressure is uniform, of equal intensity in all directions, and 
normal to the hoop, the form of equilibrium of the hoop is a circle.. 
If the pressure is compounded of two uniform pressures in directions 
at right-angles to each other, of different intensities, that form is 
an ellipse. 

Rule I. — To find the stress on a circular hoop; multiply the 
pressure per unit of length of the hoop by the radius of the hoop. 

KuLE II. — To find the ratio of the greater and lesser axes of an 
equilibrated elliptic hoop, subjected to two uniform pressures of 
different intensities in directions perpendicular to each other; ex- 
tract the square root of the ratio of the intensities of the pressures. 
The greater axis will lie in the direction of the more intense pressure. 

Rule III. — To find the stress on an equilibrated elliptic hoop 
at the end of one of its axes; multiply half the length of that axis 
by the pressure per unit of length in a dkection perpendicular 
to it. 

9. A Hydrostatic Uib is adapted to bear a pressure which, like 
that of a liquid, is everywhere normal to the rib, and which, at 




Fig. 78. 

any point, C, has an intensity proportional to the depth of spandril, 
C Y, between the rib and its horizontal directrix, Y O Y. The 
radius of curvature at each point, such as C, is inversely proportional 
the depth of spandril, C Y. 
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The total thrust at every point of a hydrostatic rib is uniform, 
and is equal to the load on the half-rib A B. 

In what follows, the rib is supposed to spring vertically from its 
abutments at B, B. 

Rule L — Given, the half-simn, F B = c, and the rise, F A = a, 
of a hydrostatic nb ; to find the proper depth of load at the crown, 
A O = A, approximatdy. 

Make 6 = c + ^q— ; then h = V3-3- 3, nearly. 

RULB IL — ^To find the area of spandril corres|>onding to the 

T 
uniform thrust along the rib; call that area -, in which T repre- 

tents the thrust, and w the load per unit of area of spandril; then 
T a2 

Rule IIL — ^To calculate the thrust; being also tlie load on 
Ijhe half-rihi 



T = «,(|:+aA). 



Rule IV. — ^To find the radius of curvature at a point wlicre 
the depth of spandril, Y C = a;, is given; divide the area fount! by 
Rule II. by the depth of spandril; that is to say, let r be the 
ndius of curvatui'e at C; then 

a2+2aA 



r = • 



2a; 



The radii of curvature at the crown, A, and springing, B, arc as 
follows: 

..^. a2+2a/t ^^ a2 + 2aA 

AtA,ro = — 2-,— ;atB,r,= -2-(«--^^. 

A sufficient number of radii having been computed, the figure of 
the rib may be constructed to any required degree of a])proxiiimtion 
by drawing a series of shoi-t circular ai-cs. 

Rule V. — To draw, approximately, the figure of a hydrostatic 
rib with three wdii only. By Rule IV., find the radii of curva- 
ture, Tq, r^, at the crown and spnngiiig. From the crown, A, 
draw vertically A C = Tq; and fi-om the springing, B, dniw 
horisoDtully B D = r,. C and D will be the centres of curvature 
fiu- the crown and springing respectively. 

About D, with the ludius DE= FA — BD, describe a circular 
•n^ and about C^ with the radius C E = F, duamV^o ^\\v^W\^x 
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circular arc; let E be the point of intersection of those arcs; this 
will be a third centre; and two more centres will be siimlarlj 
situated to D and E with respect to the other half-rib. 

Then about C, with the radius C A, draw the 
circular arc A G till it cuts C E produced in G; 
about E, with the radius E G = F A, draw the 
circular arc G H till it cuts E D produced in 
H; about D, with the radius D B, draw the 
circular arc H B. This completes one half-rib, 
and the other is drawn in the same manner. 

The curve thus drawn falls a little beyond 
the true hydi-ostatic rib at G, and a little 
within it at H. 

10. A Rib of win J Figure, under a vertical load 
distributed in any manner, being given, it is 
always possible to determiue a system of hori- 
zontal pressures, which, being applied to that 
rib, will keep it in equilibrio. 

Rule I. — To find the total horizontal pres- 
sure against the rib below a given point. In ^g, 80 let C be any 
point in the rib, and A its crown. 



-Y^Y 




Fig. 79. 





Fi-. 80. 



Fig. 81. 



In the diagram of forces, ^g, 81, draw o c parallel to a tangent 
to the rib at C. Draw the vertical line o 6 as a scale of loads, on 
which take o 7i = P to represent the vertical load supported on the 
arc A C. Through h draw the horizontal line h c, cutting ociac; 
then c = T will be the thrust along the rib at C, and ^ c = H, 
the horizontal component of that thrust, will be the total horizontal 
pressure which must be eocei^ted against C B, the part of the rib 
below C. 

At the crown, A, the preceding Rule fails; and the following is 
to be used. 

Rule II. — To find the thrust at the crown of the rib; multiply 
the radius of curvature at the crown by the vertical load per lineal 
unit of span there. 
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Itnus III. — ^To find the horizontal pressure required in a given 
layer of the spandril. 

Let C (fig. 80) be a point in the rib a short way below C. In 
the diagram of forces (fig. 81) draw o c' parallel to a tangent to the 
lib at C; on the vertical scale of loads take o h', vei-tical load 
on the arc AC; draw the horizontal line h' c' cutting o c in c'. 
Then o ^ = TY is the thrust along the rib at C; and h' c' = H', the 
horizontal component of that thrust^ is the horizontal pressure 
which must be exerted against the part of the rib below C. H being, 
as before, the horizontal component of the thrust at C, the difference 
H — H' will represent the horizontal pressure requii-ed to be 
exerted through the horizontal layer C E E" C. 

If H diminishes in going downwards, as in the example given, 
pnssfire from vnthoiU is required through the layer. Through 
those layers at which H increases in going downwards, either tension 
from toUIumt, or pressure /rom within, is required to keep the rib 
in equHibrio. 

Rule IV. — To find the greatest horizontal thrust, and the 
•'point of rupture," and "angle of rupture." 

Through o, in fig. 81, draw a number of radiating lines, such as 
oCyO d, &C., parallel to the rib at various points, as C, C, &c., and 
find, as in Rules I. and III., the lengths of those lines so as to 
repi-esent the thrust along the rib at the several points C, C, <fec. 
The length of the horizontal line, o a, representing the thrust at 
the crown, is to be calculated as in Rule II. Through the points 
a^ c, cfy &c., thus found, draw a curve. Find the point, d, in that 
curve which is farthest from the scale of loads, oh\ then the 
horizontal line (2 A; = H^ will represent the maximum horizontal 
thrust. 

Join o dy and find the point, D, in fig. 80, at which the rib is 
parallel to a d; this is the "point of rupture," or point at which 
the horizontal thrust attains a maximum; and the "angle of 
rupture" is the inclination of the rib at that point, or .^^ do a, in 
fig. 81. 

The horizontal plane D F is the upper boundary of that part of 
the spandril which exerts the maximum horizontal pressure If q. 

SEcrnoN III. — Stability op Masonry. 

1. Vw^mmwe mt Earth and Water aKainut Walliu — RuLE I. — The 
Centre of Pressure of a rectangular vertical plane pressed by a mass 

o 

of water or of earth is at ^ of the total depth down fi*om the upper 

Bor&ce of the water or earth. 

Rule IL — ^The Direction of the Pressure against a -vetVricaX ^-Mis 
isy for water or a bank of earth in horizontal layers, "\iomiavi\aS 
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for a bank of earth in uniform^ sloping layers, it is sensiblj 
' parallel to the slope. 

HcJLE III. — To find the amount of the pressure of water against 
each foot in breadth of a vertical plane ; multiply the half-square 
of the total depth by the heaviness of water (62*4 lbs. to the cubic 
foot). 

For the heavineaa of earth, see page 152. 

The following is a table of natural slopes of earth; but the 
natural slope of earth in engineering works ought, as far as 
practicable, to be ascertained by observation on the spot : — 



EARTH. 



Dry sand, clay, and mixed J fixnn 

earth, ) to 

Damp clay, 

Wet Clay. j fr","^ 

Shingle and gravel, | ^?^ 

p-t. Y^z 



Angle 

of 
Beposc 

9 



21° 

14' 
48° 

14° 



Co-efQcient 

of 

Friction. 

/ 



075 
038 
I '00 

0-31 
025 
I'll 
070 

I'D 
025 



CuRtomary 
designation of 
Natural Slope: 

1 -7-/ to 1. 



1-33 to I 
2*63 to I 

I to I 
323 to I 

4 to I 
09 to I 
I 43 to I 

I to I 

4 to I 



The most frequent slopes of earthwork are those called H to 1, 
and 2 to 1, correspondiog respectively to the co-efficients of friction 
0*67 and 0-5, and to the angles of repose 33^° and 26^'', nearly. 

Rule IV. — To find the amount of the pressure of a bank of 
earth laid in plane parallel layers, against each foot in breadth of a 
vertical plane; multiply the half-square of the total depth by the 
heaviness of the earth; then multiply the product by a ratio found 
as follows: — 

In fig. 82, from one point, O, draw two straight lines, O M X 

and O R, making with each other 
the angle M O R = ^, the angle of 
re]>ose, or natural slope of the earth. 
Alout any convenient point, M, in 
one of those straight lines, desciibe 
a semicircle, Y R X, touching the 
other straight line in R. (This may 
be done by describing the dotted semicircle M R O, so as to find 
the point R) Then 

Case I. — If the bank is in horizontal layers, the required ratio is 
O Y / 1 - sin <r \ 
X \ 1 -v sin <p/' 
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Case IL— If the bank is iu lajet^ sloping at tLe natural slupe, 
tte required ratio is 

OR 



OM 



( = cos j). 



''^y 



90 



Case TIL — If the bank consists of layers sloping at any less 
angle i diuw Q P, making tke aiiglt; M F =^ tho actual slope 
cif tlie bank; from P draw P W perpendicular to O P; the a the 
retj^uired mtio is 

OQ f cog — J (cos* i — C0&2 €) 

O W \ COS i + J {COM^ ^ - cos^ - 

in which tf = ^ M P). 

S. Iionil on Oritliifirr FonDdnitAnfl. — 

First Class : rock, moderately hard ; Btroug as ) 

the strongest red hrick, J 

^j rock of the strength of good concrete, 

,, lock; veiy aoft, .**... .,-.,..,.*» 

Second Class: tii-ni earth; hai'd chiy i clpan dry ] 

giuvel; clean sharp saud^ pre- >from i to 1^5 
vented from apreaditig sideways, J 

Third Class: soft or loose earth; let § be the angle of repose; 
then ; 

Role I.— To find the least weight of earth to he displaced by 
the fonntlatbn of a huilding when tfie load is uniformly distri- 
buted ; multi[ily the total load (above and below gi-ouud) by 

/I - sin ^Y 
\i + sin aJ 

Rule n.— When the load pro<ltice9 an uniformly- varying 
|yre^ure, to find how far the centre itf press ui*e may siafely deviate 
hma the centre of Ugure of the bane of the fnuinlatiou ; find the 
centre of percussion of the hiis^ relatively to the edge where the 
pre^iire is to be least (see pages I5(ij 157), and multiply the dis- 
tanoe of that centre of percuission fitJUi the centre of figure of 
base hy 

2 flin <B 



1 



+ mii^ ^ 



For a rock foundation the value of this multiplier is 1, 
HltLE III. — In the ca^e referred to in Rule II,, to find the least 
weight of ejirth to be displaced hy the foundation; multiply the 
<jtaJ load by 

(1 - sin €f 
I + sin^ ^ ■ 
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Rule IV. — In the case referred to in Kule I., and when the 
load above ground alone is given ] to find the least weight of earth 
to be displaced by the foundation ; let w be the heaviness of the 
earth, and w^ the mean heaviness of the materials with which the 
excavation is to be filled (including voids, if any); then divide the 
load above ground by 

f\ + sin ^\2 



/I + sm ^\2 M?j 
\1 — sin (p/ w' 



Rule V. — To find the depth of a foundation; divide the weight* 
of earth to be displaced by the heaviness of that earth and the area 
of base. 

Least depth to escape injurious effects of frost = from 3 feet to 
6 feet according to climate. 



Table of Functions of Angles of Repose. 

q> 15° 2o° 25° 30° 35° 40^ 45° 

1 + sin ^ - ^ rt ^ 

J— — ^T— 1700 2145 2-464 3-000 3690 4-599 5-826 

1 — sin Ti 

nrsin~i °'^^^ ^'"^^^ °*^°^ °*333 0*271 o'2i7 0-172 

/I + sin <?\2 ^ 

V I - sin (g j ^'^^° ^*^?^ ^*°?° 9*°^ ^3'6i9 21-152 33-94 

/I — sin (^\2 

\ i + sin (?/ °'34<5 0-224 0-165 o-iii 0-073 0-047 0-0295 

1 + siu2 <? ^ ^ 

(fTr7iir«)2 1*945 2-736 3-535 5-000 7-310 11-076 17-47 

(1 — sin <p)2 

\ r-o-- 0-514 0*421 0-283 0-200 0-137 0-000 0-057 

1 + "sm^ (p ^ 
2 sin 

rr^ii?"^ 0-486 0-579 0717 o-8oo 0863 0-910 0-943 

tan (p 0-268 0-364 0-466 0-577 0-700 0839 I'ooo 
cotan ^ 3*732 2*747 2-145 ^'732 1*428 1-192 i-ooo 

3. lioad on Piled Fonndations. — Ordinary working loads on the 
heads of piles: — On piles driven till they reach firm ground, 0-45 
ton on the square inch ; on piles standing in soft ground, by friction, 
0*09 ; ordinary values of greatest load which piles will bear without 
sinking further, from 0*9 to 1*35 tons on the square inch area of 

d 



PILES — HORIZONTAL RESISTANCE OF EARTH. 16'6 

. The following are rules applicable to pile-driving : — 

Let P be the greatest load which a pile is to bear without sink- 
ing farther (in tons); 
W, the weight of the ram used for driving it (in tons); 
hy the height from which the ram falls (in feet); 
ly the length of the pile (in feet) ; 
X, the depth it is driven by the last blow (in fractions 

of a foot); 
S, its sectional area (in square inches); 
E, its modulus of elasticity. 

(Approximate values of E in tons on the squai-e inch — elm, 400 
to 600 j alder, about 500; beech, about 600; sycamore, about 500; 
teak and saul, about 1,000; gi-eenheart, 500 to 600.) 

Rule VL— Given, all the above quantities except x; then 

Wh Tl 
X = 



P 4ES- 

The pile must be driven until the additional depth gained by each 
blow, of the energy W A, becomes not greater than x, as given by 
the above rule. 

Rule YIL — Given, all the above quantities except "W A, the 
energy required for the final blow; then 

P2^ 

Rule VUI. — Given, all the above quantities except P ; then 

2ESa; 



//4ESWA 4E2S2a;2\ 



/ 



4. The iiMid Sapp«rted by a Screw Pile in practice ranges from 
3 times to 7 times the weight of the earth which lies directly above 
the screw-blade. 

5. ]I«rlB«atal BesiaUuice •f Sarth. — Let E. denote the resistance 
opposed by a stratum of earth to the pushing or dragging of a 
rectangular plane surface through it horizontally; w, the heaviness 
of the earth; ^, its angle of repose; h, the breadth of the surface; 
x^ the depth to which its lower edge is buried ; of, the depth to 
which its npper edge is buried; Xq, the depth of the resultant of 
the resistance below the upper suri'ace of the earth. 

Rule IX« — To find the resistance; 

T. _ 4 M? sin ^ a? - xf^ 
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BuLE X. — To find the position of the resultant; 

6. Pr«Mare •€ Wind.— RuLE XI. — To estimate the greatest prob- 
able amount of the pressure of wind against a chimney or tower; 
if the edifice is square, take the area of its vertical cix)ss-section ; or 
if round, take half that area; and multiply by the greatest known 
pressure of the wind in the neighbourhood against an unit of area 
of a vertical plane surface, as measured by the anemometer. (In 
Britain that pressure is about 55 lbs. on the square foot) 

BuLE XII. — To find the position of the resultant of that pressure; 
find the centre of magnitude of the vei-tical cross-section. (See page 
83.) If the edifice is pyramidal or conical, divide the difference oi 
the outside diameter at the base and top by 3 times their sum; 
subtract the quotient from 1 ; multiply the remainder by half the 
height of the editifce; the product will be the height of the resultant 
pressure above the base. 

Rule XIII. — To find the moment of the pressure of the wind; 
multiply its amount by the height of its resultant above the base. 

The calculations described in the above rules should be made not 
only for the whole chimney or tower from the base upwards, but 
for the part above each bed-joint where the thickness of the masonry 
or brickwork diminishes 

7. f»tabiiit7 •f Abntmcntc (Including buttresses, abutments and 
piers of arches, retaining and reservoir walls.) 

Rule XIV. — To find the greatest deviation of the centre of 
pressure from the centre of figure at any bed-joint, consistently 
with stability of position (that is, safety against overturning). Thi 
may be called the limiting position of the centi-e of pressure. 

Case I. Abutments and Piers of Arches. — Take as an axis the 
edge of the bed-joint in question from which the centre of pressure 
is to deviate farthest; the required jx)sition of the centre of pressure 
will be the centre of percussion of the bed-joint coiTesponding to 
that axis. (See pages 156, 157.) The rules and table in those pages 
give the distance of the centre of pressure from the farthest edge 
of the bed-joint, from which subtracting the distance from that edge 
to the centre of figure of the bed-joint (usually half the whole 
thickness of the abutment), there remains the deviation required. 

Case II. Retaining WalU. — Greatest deviation of the centre of 
pressure from the centre of figiu*e, as fixed by practical experience 
= from 03 to 0*375 of the whole thickness of the wall at the given 
bed-joint. 

BuLE XV. — Given, the load on a bed-joint and the position of 
the centre of pressure; to find approximately the intensity of the 
'"^issure at the edge to which the centre of pressure is nearest; in 



ABUTJIKNT3. 



135 



Case L of Rule I. dmde twice tlie knid by tlie area of the bed; ia 
Ciuie IL multijily tUe brea^dtli of this btjil by oace-ami-a-Iiat/' the 
distance of tljo centre of pL'&s.HUt*« thmi the rieareiit ed^e of the bed, 
ttod with the prodtict as a diviaor, divide the lou.d; the quotient 
will be the iTquii-ed intensity. 

The iu tensity of presisure thus fonud onglit not to exceed one- 
mghtk of the |ireayitrc which cni&he;^ the mHteiitd of the bnikling. 

RcLis XVL — To calcnkte the niOfUfint of atabUittf of an abalment 
at a giveri bed -joint; multiply the weiglit of the muss of ojatenal 
mbove the bed-joint by the hoii^iital distance of a verticiil line, 
thrtiugh the ceoti-e of gmvity of that masn, from the Jiiniting 
position of tlm centre of pres^ui^ti of the beii -joint 

Rule XVII. — To find tiie pixjper thicknetsa for an abutment 
with a Ktctangulai' horizon tal base irom the following data ; — 

H, the horizontal coiujx>nent, and V, the vertical component, of 

the til rust to he resisted ^ 
a?', the vertical height of the line of action of that thrust above 

tlie backward edge of the base of the abatmeiit 
6, tke brejidth of the abutment; 
h, its height; 

w^ the heaviness of its material ; 
Uj the proportion whicli its bulk bears to that of the ciroum- 

scnbed rectangle ; so that if t be its thickness at the base, 

^1**0 bhi in its weight; 
^j the rsitio whicli the deviation of the centre of pressure from 

the centre of ligure of the hme ia to bear to the thickness 

at the base. (See Eule XIV.) 
Tj the iiitio which the horizontal deviation of the centre of 

gnivity of the abutment from the centre of tigure of its base 

i^ to bear to the thickness at the base; 

Ti {q ^ rjtohb ^2 7i (q ^:i r) w h b * 

tmng q + r if q and r represent devmtions in contrary directions, 
And f *- r if they represent devintions in the same direction; then 
the requii^d thicknesii h 

t= ^ (A + B2) - B, 

If the thrust to be resisted is wholly horizontal, t = ,J A simply* 
In a vertical solid rectapgidar abutment n = I and r ^ 0. 

Rule XVII I. — To find the direction of the resultant pressiire 
at auy U?il -joint ; let W - nwbkt i-e|jveseut the weiglit of material 

H 
m the abutment above that joint; then ==— ^ is the iangenl « " 

tlie an^le ma^e hf that reaultdtit with the verticikV lu ot^^ i 



make 
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the abutment may possess stahUity of friction (fchat is, be safe 
against giving way by the sliding of one course of masonry upon 
another J the normal to each bed-joint ought not to make a greater 
angle with the direction of the resultant pressure at that joint than 
the angle of repose of fresh masonry ; that is, from about 26° to 36°. 
Should horizontal bed-joints prove too oblique to the pressure, 
sloping bed-joints may be substituted for them. 

Eemark. — In an abutment which has to resist a thrust concen- 
trated near one point, the risk of overturning is greatest at the 
base; but the risk of giving way by sliding is greatest at the bed- 
joint next below the place of application of the thrust; and it is to 
the latter joint, therefore, that Rule XYIII. is to be applied. 

Rule XIX. — To find the proper thickness for a vertical rect- 
angular retaining wall, of a height equal to that of the bank which 
presses it. 

In each case let v^ be the heaviness of the earth, q> its angle of 

p' 
repose, and let - be the ratio of the pressure exerted edgewise by 

the layers of earth to their vertical pressure, as found in Rule IV. 
of this section. Also, let h be the height of the wall, w, its heavi- 
ness, and qy ratio of the intended deviation of the centre of pressure 
from the centre of the base to the required thickness t. 

Case 1. — Bank in horizontal layers: — = = : — : 

•^ p 1 + sm ^' 

h \/ \6 q w pj 
Let:7 = |;theu|=|y/(^). 
(For a reservoir-tvall, make it/ = 62*4 lbs. per cubic foot; and 

P J 

Case II. — Bank in layers of indefinite extent, at the natural 

P' 
slope ^; -^ = 1. 

- -. , w cos^ (p (<7 + i) w?' cos ^ sin ^ - ,, 

Make —^ = a; ^-^ ^ ■ = 6; then 

6 qw % q w 



^ = \/* 



+ 62-6; 



Case III. — Bank in layers of indefinite extent, sloping at any 
ngle t less than ^. Find ^ by Rule IV. Then make 
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6 qto 



•* • cos^ i = a; -. fq+ i)- cos tf sin ^ = 6; and 

p ^ q w \ / P 



^== J a + b^ - b. 

Case rV". — Surcharged IToW.— Bank rises from wall at natural 
dope up to lieight c above top of wall, or c + A above base; and at 
that height has a horizontal upper surface. Let the thickness, calcu- 
lated as in Case I., be ^; the thickness, calculated as in Case II., 
i ; and the required thickness, t". Then 

__ ht + 2ct' 
A + 2c • 

The strength of a retaining wall at its base should be tested by 
Rule XV. of this section, and the stability of friction by Ride 
XVIII. ; and if the latter is found to be insufficient with horizontal 
beds, the^beds may be sloped back ; and then the back of the wall 
ihoidd be formed into steps, with the rise perpendicular to the 
bed& 

RxjLB XX. — ^Having designed a vertical rectangular retaining 
wall, to modify its figure without diminishing its stability of 
position. 

The face of the wall may be either battered, stepped, or panelled, 
80 long as the centre of gravity of the part taken away does not 
fall behind a veiiiical line through the limiting position of the 
centre of pressure of the base. . When the face has a straight or 
carved batter, the beds of the masonry or brickwork may be laid 
perpendicular to the battered face. 

The masonry at the back of the wall may be diminished by steps, 
provided itsplace is filled with material of equal weight. 

Rule XXI. — For retaining walls of uniform thickness which 
kan or overhang backwai*ds, let r be the ratio which the backward 
deviation of the centre of gravity from that of an upright wall is 
to bear to the thickness ; then put q + r instead of q in the deno- 
miruUors of the expressions in Kule XIX., and they will become 
applicable, without material error, to the present case. The beds 
ought to be built perpendicular to the face. 

KuLB XXII. — Given, the dimensions of a wall with counter- 
fints; to find the thickness of a plain wall of equal stability. Let 
t be the thickness and b the breadth between a pair of counter- 
forts; c, the breadth of a counterfort, and T, the thickness of wall 
and counterfort together. Then the thickness of the plain wall of 
equal stability is nearly = 

/ /bfi + cT\ 



188 BALANCE AND STABILITY OP STRUCTURES. 

8. Atone and Brick Arehes. — BULE XXIIL— To find the letui 
proper Uiicknesa for Uie arch-Hng of a proposed arch ; find the longest 
radius of curvature of the arch; then take a mean proportional 
between (tliat is, the square root of the product of) that radios and 
a constant whose values are as follows ; — 

Foot 

For an arch above ground, standing solitary between 
its abutments, o'i2 

For an arch forming one of a series of arches, with 
piera between them, O'ly 

For an underground archway in hard material (such 
as ix)ck or conglomerate), o*i2 

For an underground archway in gravel or finn 
earth, 0*27 

For an underground archway in wet clay or quick- 
sand, 0*48 

Rule XXIII a. — To find the level up to which the hacking of 
the arch should be built before the centre is struck; take a mean 
proportional between the radius of curvature of the intrados (or 
inner profile) of the arch at its crown, and the thickness of the 
arch-ring; then lay off the length so calculated vertically down- 
wards from the crown of the outer surface of the arch-ring. 

Kule XXI Y. — For a rough approximation to Che Jiorxzontal 
thrust of an arch, take the weight of the vertical load that is 
supported between the crown of tlie arch and that point in the 
arch-ring where its inclination to the horizon is 45°. 

Rule XXV. — To find a nearer approximation to the horizontal 
thrust of an arch, and also to determine whether a proposed arch 
will have sufficient stability. 

Assume that the load is supported by a linear rih coinciding with 
the centre line of the arch -ring, and treat that rib by the method 
of Article 10 of the preceding section, page 178, so as to find its 
maximum horizontal thrust; this will be nearly equal to the 
horizontal thrust of the proposed arch. As to stability, the follow- 
ing cases may be distinguished : — 

Case I. — If the supposed rib is either equilibrated under the 
vertical load alone, or requires horizontal pressure from without 
alone to give it equilibrium, the proposed arch will be stable 
throughout. 

Case II — If the supposed rib requires horizontal pressure from 
without up to a cei-tain poirU of rupture only, and above that point 
requires horizontal tension to give it equilibrium, the actual aixsh 

' stable up to the point of inipture, but above that point it may 

) stable or unstable; and its. stability must be further tested as 

Uows: — 



ARCHES. 



im 



Fig. 83, 



Tti fig. 83 let B C A re|ireaent one-half of a symmetrical ai'cli; 
K L D E, an abiitiTjeriti and C, th& joint ofruptuTe^ draw a purpeudi- 
mikr to tiie assumed iib at the 
point of niptiire. At A^ tbe ciown 
af the arch, snppiise a vertical 
Joint. 

Fiod the centre of gravity of the 
load between the joint of nijititre, 
C| and tire cit>wn, A; and dmw 
tbrotigh that centre of gmvity a 
vertical line* 

Then, if it be possible, froiij one 
point, such aa M, in tliat vertical 
line, to dniw a pair of linei?, one 

parallel to a tangent to the assuiued rib at the point of rupture, 
and the other Lurizontal, so that the former of thoae Imes ahall cut 
the joint of rupture, aud the latter tbe supposed vertical joint at 
the crown, in a pair of [Hjiuts which are both witbiu the middle 
^^bit^ of the tJiicknosa of tlie arch- ring, the stability of tbe arch will 
^^Be st^curc. 

^B ShfMild it he impossible to make the pair of points fall within the 
^^oniddle third of tbe arcb-ilDg, its thickuet;s must be increased. 
^^ EuLE XXYL — To adnpt Tramjormed Ctitenarian curves to the 
figure of an arch of masonry. (See Article 7 of tbe ]>receding 
section, page 174.) For the hitradm (or inner prafilo) of the arch, 
and tbe extrachs (or outer profili^) of the arch with its solid back- 
ing, take two tj aIIl^follned eaten anan cun^es "with the same 
directrix and jmmmeter. For tbe extrado« of the whole load 
lug usually the profile of the platform or roadway), take either 
le bonzontal direetnx itself, or a third and flatter transformed 
catenary w^ith the same directrix and ^mrameter. To bud ap- 
rox in lately the horizontal thrust; multiply the square of the 
.ranieter by the mejin load per square foot area of spandril (allow- 
\g for tbe voids, if any, between the spandril walls); and then 
multifJy the product by the ratio in which the depth from the 
ilatforra to the crown of tlie intradoa ia greater thai) tlie depth 
im tbe directrix to the middlo of tlie dejjtb of the keystone. 
Rule; XX VI I. — To adapt the ligm-e of the ht/droslalic W6 to an 
arch of masonry. fSte Article 9 of the preceding section, page 
177). For tbe intrados take tSie figure of the hydrostatic rib, and 
make the arch -ettines of an unilnrm thickness, determiued frotn the 
iins of curvatm-e at the crnwn by Bule XXI 11. of this Article, 
I© thrust will be nearly the same as in a supposed linear rib 

cidiug w^ith tbe intrados, aud umicr the same load. 
litlLE; XXVIII. — To find the resnltaiit horizontal thrust against 




pier that staada between two cqtial arcbes^ wVieu oTiB^aWiAs^ 
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with a travelling load in addition to its own weight, and the otber 
with its own weight only; multiply the travelling load per unit of 
span by the radius of curvature of the centre line of the arch-ring 
at its crown. 

Rule XXIX. — To represent approximately the amount and 
distribution of the load upon any part of the centre (or temponuy 
fmming) which supports an arch in progress of construction. 

Case I. Circula/r Arch. — In fig. 84 let O A be the radius of 
the intrados, and A B a circular quadrant of which the inti:acloB 
forms the whole or part. Conceive that the hcdf of the radius A 
represents the weight of the arch-ring per foot of intrados. 

Let C be the point up to which the arch-ring has been built; 
and let it be required to find the amount and distribution of tbe 
load on the part C D of the centre. 

From C draw C E 11 A O; bisect C E in F, from which daw 

F H II O B; di-aw D G jj A 0; 
then will D G represent the normal 
pressure on each lineal foot of the 
outer surface of the centre at the 
point D; and the shaded areii 
C D G F, will represent the verti. 
p. ^f, cal component of the load on the 

^^' ' centre between C and D, both in 

amount and in distribution. 

The point H is that below which the arch-stones cease to pwBB 
on the rib, when the arch has been built up to the point C. 

The case in which the rib is completely loaded, the arch being 
finished all but the keystone, is represented by fig. 85. Bisect 
the vertical radius A O in K, and conceive A K to represent 
the weight per foot of intrados; draw K L || O B; L will be a 
point below whicli the stones do not press on the rib (supposing 
the arch to extend so far). Let D be any point in the 
intrados; draw D M || A O; then D M represents the normal 
pressure on the centre per foot of intrados at D, and the shaded 
area M D A K represents the vei"tical component of the load on 
the centre between A and D. 

Case II. Non-circular Arch. — Find the two points at which the 
intrados is inclined 60° to the horizon; conceive a circular arc 
di-awn through them and through the crown of the intrados, and 
proceed as in Case I. 
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PAET VI. 

TABLES AND KULES KELATING TO THE STRENGTH 
OF MATEEIALS. 

Section I. — Tables. 

Table I a. — Tenacity of Wrought Iron and Steel. 

-n..A^«*«/»« «f iLr.f<.*].i Tenacity in lbs. per Square Inch. Ultimate 

Description of Material Lengtiiwise. Crosawiae. Extennion. 

TMrATX-KABT.-R IrON. 

Wire— average, 86,000 T. 

Wire — weak, 71,000 Mo. 

Yorksliire(Lowmoor),... 64,200 F. 52,490 F. 

„ from 66,390) ^ ro-20 

to 60,075 J ' \ 0-26 
Yorkshire (Lowmoor) ^ 

and Staffordshire > 59,74© F. 0*2 to 0*25 

rivetiron, ) 

Charcoal bar, 63,620 F. 02 

Staffordshire bar,... from 62,231 ) -kt f '302 

to 56,715/ I -186 

Yorkshire bridge iron,... 49,930 F. 43,940 F. -04; '029 

Staffordshire bridge iron, 47,600 F. 44,385 '04; -036 

lAnarkahire bar,... from 64,795) 7^ i '^58 

to 51,327) 1-238 

lAncashire bar, from 60,110 ) -^^ f '169 

to 53,775/ • 1*2x6 

Swedish bar^ from 48,933 ) -kt f '264 

to 41,251/ '^' I -278 

Biuaianbar, from 59,096 \ -kt ( '153 

to 49,564 / • \ -133 

Hammered scrap^ 53*420 N. '248 

Angle-iroD from ) from 61,260 ) -^ 
'variooBdiBtriotB,/ to 50,0^6) 
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Table — continued. 



Description of Material 

Straps from vaii- ) from 
oils districts, ... j to 
Bessemer's iron, cast \ 

ingot, f 

Bessemer's iron, ham- ) 

mered or rolled, .... J 

Bessemer's iron, boiler ) 

plat,e, J 

Yorkshire plates, . . . from 
to 
Staffordshire plates^ from 
to 
Staffordshire plates, ) 
best-best, charcoal, J 
Staffordshire ) from 

plates, best-best, ] to 
Staffordshire plates, best, 
Staffordshire plates, ) 

common, ] 

Lancashire plates, 

Lanarkshire plates, from 

to 

Durham plates, 



Tenacity in lbs. per Square Tnoh. 
Lengthwise. Croaawiae. 

55,937 t N 
41,386/ ^• 

41,242 W. 



72,643 w. 



68,319 
58,487 \ 

52,000 f 
56,996 ) 
46,404 / 

45,010 

59,820 

49»945 
61,280 

50,820 

48,865 
53,849 I 
43,433 J 
51,245 



F. 41,420 

F. 54,820 
F. 46,470 
F. 53,820 



Ultimf^e 
Eztensioo. 

•108 

•048 



■M- 55,033 I "M- 

^- 46,221 ; ^• 
44,764 / 

F. 

F. 
F. 
F. 

F. 

F. 



F. 52,825 
F. 45,0x5 

■jq- 48,848 ) j^ 
* 39,544 / ' 

K 46,712 



•109; -059 

•04; -034 
•13; -059 
•05; -045 

•05; -038 
•067; '04 
•077; '045 
•05; -043 
•043; -028 

r 033; -014 
[ -093; -046 

•oSpj -064 



Effects of Relieating and Rolling, 

Puddled bar, 43,904 

The same iron five \ 
times piled, reheated V 61,824 

and rolled, ) 

The same iron eleven \ 
times piled, reheated \ 43,904 
and rolled, ) 



a 



Strength of Large Forgings, 

!ars cut out of ) 
large foi'gings, f 

lars cut 01 
forg'mgs, 



Bars cut out of )^ from 47,582 ) ^^ 44.578 f '231; '168 

to 43.759 J ' 36,824 { -205; -064 



Bars cut out of large 



33,600 M. 
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Table — continued. 



^ ._^. - __ . , , Tenadbr in Iba. per Square Inch. Ultimate 

DsMripaon of Uftterlal. Lengthwise. Crosawiae. Extenuion. 

Steel and Steely Iron. 

Gaststeelbars^rol- ) from 132,909 ) jr f '052 

led and forged, j to 92,015 J ( -153 

Cast steel bars, rolled ) , ^^ qqq p 

and forged, j ^' 

Beasemer'a steel bars, I ,,^ ,,-^ -kx .^^^ 

roUed and forged,..; f "^''^<^° ^- °55 

Bessemer's steel bars, j /c^ ^« . w 

cast ingots, „ | ''3,024 W. 

Bessemer's steel bars, ) rtfo qi 2 W 
hammered or rolled, / ^ '^ 

''r?^^:^,..:!!*^} 93,000 f. 



l»,^- forged,.."!*^} «9'?'4 N. -xxp 

Puddled steel 1 ^ ^ o ^ r 

Paddled steel bars, ) -n 

11 J jT j J' 90,000 F. 
rolled and forged,... J ^ ' 

Paddled steel bars, ) ^ . ^- Ar 

rolled andforged,.../ ^^'752 J>i. 

Mushet's gun-metal, 103,400 F. 0*034 

Cast steel plates,.... from 96,289) ^ 97>3o8 I -^ / '057; -096 

to 75,594/ •69,082/ ^' ) -198; -196 

Cast steel plates,... hard, 102,900 I ji / '031 

soft, 85,400 J • t "031 

Paddled steel ) from 102,593 1 to- 85,365 \ ^ ( -028; -013 

plates, / to 71,532/ 67,686/ '^' \ -082; -057 

Puddled steel />Jiite£^.... 93,600 F. 0*12^ 

o 
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Table — corUinued. 

n^«««:^««« /.* -M-otft^'oi Tenacity in lbs. per Square Inch. 

DescnptionofMatonaL Lengtfiwise. Crosswise. 

Coleford Gun-metal. 

Weakest, 108,9701 

StroDgest, 160,540 > F. 

Mean of ten sorts, 137,340) 



Ultimata 
Extension. 



•190 
•030 

•072 



In the preceding table the following abbreviations are used for 
the names of authorities : — 

C, Clay; F., Fairbairn; H., Hodgkinson; M., Mallet; Mo., 
Morin; N.,* Napier & Sons; R, Rennie; T., Telford; W., 
"Wilmot. 

The column headed "Ultimate Extension" gives the ratio of the 
elongation of the piece, at the instant of breaking, to its original 
length. It furnishes an index (but a somewhat vague one) to the 
ductility of the metal, and its consequent safety as a material for 
resistiDg shocks. 

When two numbers separated by a semicolon appear in the 
column of ultimate extension (thus -082 ; '057), the first denotes 
the ultimate extension lengthwise, and the second crosswise. 



Table Ib. — Resilience op Iron and Steel. 

rntimotA WnrVino' Modnlus Moduliu 

Metal under Tensioa tw??w H?a^Sf of of 

Tenacity. Tenacity. Elasticity. BesiUence. 

Cast iron — Weak, 13,400 454^7 14,000,000 1*425 

„ Average, 16,500 5,500 17,000,000 178 

„ Strong, 29,000 9,667 22,900,000 4-08 

Bar iron — Good average, .. 60,000 20,000 29,000,000 13*79 

Plate iron — Good average, 50,000 16,667 24,000,000? ii*57? 

Iron wire — Good average, 90,000 30,000 25,300,000 35*57 

Steel — Soft, 90,000 30,000 29,000,000 31*03 

„ Hard, 132,000 44,000 42,000,000 46*10 

In the above Table of Resilience the working tenacity is for a 
"dead" or steady load. The modulus of resilience is calculated 
by dividing the square of that working tenacity by the modulus of 

elasticity. 

* The experiments whose extreme results are marked N. were conducted 
for Messrs. R. Napier & Sons by Mr. Kirkaldy. For details, see Tranaae- 
Mona of the Institution of Engineers in Scotland^ 1858-59; aiso KiriLaldy C^ 
5/5tf Strength of Iron and Sie/d, 
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Table op the Resistance op Materials to Stretching and 
Tearing by a Direct Pull, in pounds amoirdwpoia per square 

T««-«;*» Modulns of 

Tenacity, Eliuiticitv 

liATBBlAiA or Resistance to or Resistani; to 

Tearing. Stretching. 

Stones, Natural and Artificial: 

S^t,} 280 to 300 

Glass, 9>4oo 8,000,000 

gjate / ^'^°° 13,000,000 

' (to 12,800 to 16,000,000 

Mortar, ordinary^ 50 

Metals: 

Brass, cast, 18,000 9,170,000 

„ wire, 49,000 14,230,000 

Bronze or Gun Metal (Copper 8, ) ^ 

Tin i), ......!.....!/ 30,000 9,900,000 

Copper, cast, 19,000 

„ sheet, 30,000 

„ bolts, 36,000 

„ "wire,.^ 60,000 17,000,000 

T . . vj.' f 13,400 14,000,000 

Iron, cast, various qualities, < . «^ ™ +^ «r^^J«^« 

^ ' ^ ' (to 29,000 to 22,900,000 

„ average, 16,500 17,000,000 

Iron, wrought, plates, 51,000 

„ joints, double rivetted, 35,7 00 

„ „ single rivetted, 28,600 

„ bai-s and bolts, | ^ y°^°^° | 29,000,000 

„ hoop, best-best, 64,000 

f 70,000 ) 

- ""^ I to 100,000 1 25,300,000 

„ "wire-ropes, 90,000 15,000,000 

Lead, sheet, 3,300 720,000 

Steel bars, | , '°^'°^^ , 29,000,000 

' I to 130,000 to 42,000,000 

Steel plates, average, 80,000 

Tm, cast, 4,600 

Zinc, 7^000 to 8,000 
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Tenacity, Flast 

Materials. or Resbtance to ^^ i^-^ 

Tearing. ^^^^ 

Timber akd other Orgaiho Fibre: 

Acacia, false. See " Locust" 

Ask {Fraodntis excddor), 17,000 i,6< 

Bamboo {Ba/mbvsa a/rundin(icea\ 6,300 

Bctech {Fagus sylvatica), 1 1,500 1,31 

Birch {Betvla <dba), 1 5,000 1,6. 

Box {Btuxms aempervirensY 20,000 

Cedarof Lebanon((76c?n«iii6am), 1 1,400 4I 

Chestnut (CflwtoTiea Fesca), 1 to iq' i ^'^' 

Elm {mmw> campesfris), ^^^^^ { ^ ^ ?; 

I'ir:'Eied'Piae(Pinussylvestris), {. "'°°° . ^'*' 

^ " '' ( to 14,000 to 1,9' 

„ Spruce (Alim excdsa), ^^^^^ | ^ \'^ 

„ Iji^h (LarixEnropwa), {to ijooo to 1,3 

Hawthorn {(JrcUcegusOxyacantlia), i o, 500 

Hazel ((Jorylus A vdlana\ 1 8,000 

Hempen Cables, 5,6oo 

Holly (Jlex A quifolium), 1 6,000 

Hornbeam (fiarpinus Bettdtis), ... 2 0,000 

Laburnum (ijytisua LahumuTri), 10,500 

Lancewood {GuMteria virgafa), 23,400 

Lignum- Vitse (fifiuiiacwm offid- ) ^ 

note), J ' 

Locust {JRobinia Pseudo-Acacia), 16,000 

MBhog&nj {Svnetenia ]lfa?iagom)y i to 21*8 1 ^'^' 

Maple (A cer campestris), i o, 600 

Oak, European (Qicerciis sessili- ( 10,000 i,2t 

fl(yraain&Quercu8 pedunculata\ (to 19,800 to 1,7 ; 
,, American Bed (Quercus \ 

rvbra), | ^°'*So 2,1. 

Saul {Shorea rohicsta), 10,000 2,4 

Bjca.jROTe(AcerF8evdo-Flatanm), 13,000 1,0. 

Teak, Indian {Tectona grandv^), 15,000 2,41 

„ African, (?) 21,000 2,3< 

Whalebone, 7,7oo 

Yew {TaQcu8 6accata), S^ooo 
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11. 

Table of the Resistance op Matehials to Shearing axd 
DisiOBTiON^ in pamids avoirdupois per square hidi, 

„ . . Transverse 

Resistance Elasticity, 

Materials. to ^^ Resistance to 

MetAM: Shearing. Dbtortion. 

Brass, wire-drawn, 5>33o>ooo 

Copper, 6,200,000 

Iroii, cast, 27,700 2,850,000 

« ^"sH 50,000 1 ^Js°°'°°° 

Fir: Red Pine, 5ooto 800 f ^f'°°° 

' ^ (to 116,000 

„ Spruce, 600 

„ I^rch, 97oto 1,700 

Oak, 2,300 82,000 

4.ahandElm, 1,400 76,000 



III. 

Table op the Resistance op Materials to Crushing by a 

DiBBCT Thrust, in poumds OAmrdwpois per square incli. 

Resistance 
Matebiaub. to 

Crushing. 

810BES, Natural and Artificial: 

Brick, weak red, 550 to 800 

„ strong red, 1,100 

„ fire, i>7oo 

Chalk, 330 

Granite, 57500 to 11,000 

Limestone, marble, 5)5oo 

„ granular, 4,000 to 4,500 

Bandistone, strong, 5,500 

„ ordinary, 3,300 to 4,400 

„ weak, 2,200 

Rubble masonry, about four-tenths of cut stone. 

Hetals: 

Brass, cast, 10,300 

IroD^ cast^ various qualities, 82,000 to 145/ 

„ „ average, 112 

„ wzough^ about 36,000 \a i^ 
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Resistanoa 

BIaterialb. to 

Crashing. 
Timber,* Dry, crushed along the grain: 

Ash, 9,ooa 

Beech, 9,360 

Birch, 6,400 

Blue-Gum {Eucalyptus Glohidus)y 8,800 

Box, ^ 10,300 

Bullet-tree {A chras Sideroxyhn), 1 4,000 

Cabacalli, 9,900 

Cedar of Lebanon, 5,86o 

Ebony, West Indian (Brya Ebenus), 1 9,000 

Elm, 10,3001 

Fir: Red Pine, 5,375 to 6,200 

„ AmericanYellowPine(Pint««?oria5tZw), 5,400 

„ Larch, 5,570 

Hornbeam, 7,300 

Lignum- Vitse, 9,900 

Mahogany, 8,200 

Mora {Mora excdsa), 9,900 

Oak, British, 10,000 

„ Dantzic, 7,7oo 

„ American Red, 6,000 

Teak, Indian, 12,000 

Water-Gum {Tristania neri/olia), 1 1,000 



lY. 
Table op the Resistance op Materials to Breaking Across, 
in pounds avoirdupois per square inch. 

Resistance to Breaking, 
Matebials. or 

ModnluB of BQptnre.t 
Stones: 

Sandstone, 1,100 to 2,360 

Slate, 5,000 

• The resistances stated are for dry timber. Green timber is mnch weaker, having 
sometimes only half the stren^h of drj timber against crushing. 
f The modulus of rupture is eighteen times the load which is reonired to break a bar 
' one inch square, supported at two points one foot apart, and loaded in the middle 
ireen the points of support. 
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Resistance to Breaking, 
Matbriai^b. or 

Uodalos of Rapture. 

Ueials: 

Jxaiif csLsty open-work beams, average, 1 7,000 

„ ,f 8oHdrectaiigularl]ars,var.qualities, 33,000 to 43,500 

n f> 99 » average, 40,000 

„ Mrrought^ plate befuns, 42,000 



Ash, 12,000 to 14,000 

Beech, 9,000 to 12,000 

Birch, 11,700 

Blue-Gum, 16,000 to 20,000 

Bullet-tree, 15,900 to 22,000 

Cabacalli, 15,000 to 16,000 

Cedar of Lebanon, 7, 400 

Chestnut, 10,660 

Cowrie (pa mma/ra aiistralis), 11,000 

Ebony, West Indian, 27,000 

Elm, 6,000 to 9,700 

Fir: Eed Pine, 7,100 to 9,540 

„ Spruce, 9,900 to 12,300 

„ I^urch, 5,000 to 10,000 

Greenheart (I^ectcmdra Rodiasi), 1 6,500 to 27,500 

Lancewood, i7,35o 

Lignum- VitsB, 12,000 

Locust, 11,200 

Mahogany, Honduras, 11,500 

„ Spanish, 7,600 

Mora, 22,000 

Oak, British and Bussian, 10,000 to 13,600 

„ Dantadc, 8,700 

„ American Bed, 10,600 

Boon, 13^300 

Haul, 16,300 to 20,700 

Sycamore, 9,600 

Teak, Indian, 12,000 to 19,000 

„ African, 14,980 

Tonka (Dipteryx odorata), 22,000 

Water^Gum, 17,460 

Willow (SaliXf various species), 6,600 
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V. — Supplementary Tables for "Wrought Iron and Steel. 
Mean results of experiments bj W. H. Barlow, Esq., F.R.S. : — 

Proof Streneth. ^^rft?' 

'^"""^t. ^""^^IT^ un^'lSSa. 
the _ Loaded. ^^^^ t^vwi 



LbB. on 



Terse Load. 



Squaxelnch. Lb^^ lS'oI^ 

Square Inch. Square Inch. 

Puddled steel, specimen I.,... 95,233 — — 

„ specimen II.,... 116,336 62,500 22,964,000 

*' " > loi 7*?^ -— — 

cast in ingots, J " ^*' 

Puddled steel, specimen III., — 60,000 20,544,000 

„ specimen IV., — ^3j75o 24,802,000 

„ specimen V.,.. — 52,500 22,846,400 

Homogeneous metal, 100,994 57,5oo 23,833,600 

Steely iron, 69,456 52,500 22,846,400 

"Weight of a cubic foot of puddled steel, 485-5 lbs. ; of steely 
iron, 483*6 lbs. (See the Engineer of 3d January, 1862.) 

Strength of Cold-rolled Iron. — The following results were obtained 
in some experiments by Mr. Fairbairn on the tenacity of iron. 
(See Manchester Transactions, 10th December, 1861.) 

Tenacity. Ultimate 

Lbs. per Square Inch. Extension. 

Black bar, 58,627 '200 

Same bar iron, turned, 60,747 -220 

Same bar iron, cold-rolled, 88,229 -079 

Cold-rolled plate, 114,912 

Mean results of experiments by M. Tresca on bars cut out of 
cast steel boiler plates. 

Tenacity. Limit of Elasticity. Modulus of 
Lbs. on the Lbs. on the Elasticity— Lb& on 

Square Inch. Square Inch. the SSquare Inch. 

Hard steel, untempered,... 74,300 36,000 29,500,000 

„ tempered, 103,000? 71,900? 27,300,000 

Soft steel, untempered,... 81,700 34, 100 24,500,000 

„ tempered, 121,700 105,800 28,300,000 

The column headed " limit of elasticity" gives the tension up to 
bich the elongation was sensibly proportional to the load. The 

ults marked (?) are doubtful, because of discrepancies amongst 

t experiments of which they are the means. 
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VI. — SUPPLEMKNTABY TaBLE FOR CaST IrON. 



E3iic1b o( Iron. 



Direist 
Tenacity. 



Resistance 
to Direct 
Crashing. 



Modulus of 

Rupture 

of Square 

Bars. 



Modulus 

of 
Elasdctty. 



No. 1. Gold blast,. 



from 
to 

Nal. Hot blast, ^fj^'" 



from 

to 

from 

to 

from 

to 

from 

to 



No. 2. Gold blast,... 
No. 2. Hot blast, ... 
No. 3. Gold blast,.., 

No. 3. Hot blast, ... 

No. 4. Smelted by coke) 
without sulphur, > 

Toughened cast iron, |[q°™ 

No. 3. Hot blast after first" 

melting, 

No. 8. Hot blast after' 

twelfth melting. 
No. 3. Hot blast after' 

eighteenth melting, 
Malleable cast iron, 



12,694 
17,466 

13,434 
16,125 

13,348 
18,855 

13,505 
17,807 
14,200 
15,508 
15,278 
23,468 



23,461 
25,764 



48,000! 



56,455 
80,561 

72,193 

88,741 

68,532 

102,408 

82,734 
102,030 

76,900 
115,400 
101,831 
104,881 



129,876 

119,457 

98,560 

163,744 
197,120 



36,693 

39,771 
29,889 
35,316 

33,453 
39,609 
28,917 

38,394 
35,881 
47,061 
35,640 
43,497 

41,715 



39,690 
56,060 
25,350 



14,000,000 
15,380,000 
11,539,000 
15,510,000 
12,586,000 
17,036,000 
12,259,000 
16,301,000 
14,281,000 
22,908,000 
15,852,000 
22,733,000 



It is to be understood that the numbers in one line of the pre- 
ceding table do not necessarily belong to the same specimen of iron, 
each number being an extreme result for the kind of iron specified 
in the first column. 



Vn. — Resistance of Timber to Twistiko. 

Modulus of Rupture Modulus of Trans- 

by Wrenching. verse Elasticity. 

/ C 

Lbs. on the Square Lbs. on the Square 

InelL Inch. 

Bed Pine of Prussia, i,54o 116,300 

„ of Norway, 950 61,800 

Mm, 1*390 76,000 

Oak (of Normandy), 2,350 8 2,400 

Ash, 1,460 ^^f^QQ 
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VIII. 



Supplementary Table op Properties op Timber grown in Ceylon ; 

SELECTED AND COMPUTED FROM A TaBLE OF THE PROPERTIES OF 
NINETY-filX KINDS OP TiMBER BY MODLIAR ADRIAN MeNDIS. 

Modulus of Modulus of Ty^|-i,f ^f - 

TiMBEB. Elasticity in Rupture in cobte Foot 

lbs. on the lbs. on the , ,. 

Square Inch. Square Inch. 

Aludel {ArtocarpTis pvhescens),... 1,850,000 12,800 51 

Burute {Cidoroxylon Svnetenia), 2,700,000 18,800 55 

Caha Milile (Ft^ea; a^^is^iTwa ?),... 2,000,000 13,900 56 
Caluvere. See " Ebony." 

Cos (Artocarjms integrifolia), 1,810,000 11,000 43 

^'T^Z)^^!"^}!!!^^^^} ^'36«'°°° ^3,000 71 

Gal or Hal Mendora (Vateria ) , ^ ^ 

sp.—l) f ^>53o>ooo i3>3oo 57 

Hal Milile {Berrya Amrnonilla), 970,000 15,200 48 
Ironwood. See " Naw." 
Jack. See " Cos." 

Mee (Bassia longifolia), 1,880,000 13,000 61 

Meean Milile ( Vitex altissima), . . . 2,040,000 1 4, 200 56 

"NaiW {Mesua NagaJia), 2,580,000 17,900 73 

Palmira. See " TaL" 

Teloo (^Mimrisops Jieocandra), 2,430,000 18,900 68 

Satinwood. See " Burute." 

^oorija. {Thespesia popvlea), 2,610,000 12,700 42 

Tal (BcyrassusflcLbdlijfbrmis), 2,810,000 14,700 65 

Teak {Tectona grandis), 2,800,000 1 4,600 55 

Additional Data from the Experiments of Captain Fowke, 
RE., Captain Mayne, E.E., and Modliar Mendis. 
Teak from Johore (Malay Peninsula), 1 9,400 

Teak from Cochin-China, 1,990,000 12,100 44 

Teak from Moulmein, 1,900,000 11,520 42 

1von-\>2Lvk (Eucalyptus — ^?)from ) ^ ^ 

Austmlia, „ \ } 964,000 24,400 64 

Iron-bark, rough-leaved, 1,157,000 22,500 64 

Jarrah, or "Australian Mahog- ) ^^ o 

B^r^r {Eucalyptus-'i) ..] ^'^57,ooo 20,238 59 

Stringy-bark (Eucalyptus gi- \ ^ e: 

./i; from Australia, .....} ^'1<=9fioo 13,000 54 
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IX — SuPFLEilENTABY TaBLE FOE SXONE, LiMEj A^D CemENT. 

OmeMdff Sb^HS in Ibeu 
on the Bqoui'a Inch. 

Gfrauwacke from Penmaenmaiar, ..,. » . . , . 1 6,893 

Basaltj WLinsatonej. ,.*,,. 113970 

Granite (Mount Sorrel)^ ,..-* ...4..,*^. i2,85i 

„ (Argyllsbire), , 10,91^ 

Syenite (Mount Soirel), , 11,820 

Sandstone (Strang Yorkshirej mean of 9 experi- 
ments),. ..*<* ».......>. iiH.. i, 9fi^4 

,, (weak specimen a, locality not state d)j 3,000 to 3,500 

Limestone, compact (strang), .,* 8,528 

„ magnesian (strong), , 7?o98 

i> » (weak), 3^050 

The aboy© are from experiments by Mr. Fairbairn. 

Mr» Fairbaini'a expei-imenta further show tliat the resist^ince of 
strt>ng sandstone to crusking in a direction parallel to the layers, is 
only 813^'seventJti of the iwatance to cnisLing in a dii^ection perpen- 
dicular to the layers. 

The hardest etonea alone give way to cm Joking at once, withont 

previous waiijing. All others begin to crack or split under a loatl 

less than that which finally crushes them, in a proportion which 

ranges from a fraction little leas than unity in the harder stones^ 

""Dwn to abont one-Iiol/irL the softest. 

A YEiJt AKD A Half after Mixture. ''™'Salq^rIl:'i^ 
Mortar of Lime and River-Sand, ,, 440 

„ „ „ bciiteu, 6qo 

Mortar of Lime and Pit-Sand, 580 

„ j, „ l>eaten, ,.*,„ 800 

Hydraulic Mortar, of lime and pounded tiles,. „ 680 

„ „ n beaten, 930 

Beton, or concrete, of mortar and broken flints, 420 

Sixteen Teabs afteb Mixture, the increase of strength is in 
-the following proportions : — 

For common mortar, i-8th. 

For hydraulic mortar, * „ i-4tK 

Six Months after Mixture. Lbs. on 

Adhesion of common mortar to compact lime- Bq. la. 

atone, .«..., ..i. 15 

Adhesion of common mortar to brick, .., .*. "^-^ 
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One Yeab after Mecturk. JS&SSJSch. 

Good hydraulic lime, 170 

Ordinaxy hydraulic lime, < ^^ ^^^ 

Rich lime, 40 

Grood hydraulic mortar, 140 

Ordinary hydraulic mortar, 85 

Good common mortar, 50 

Bad common mortar, 20 

Cement from chalk lime and blue day, a few- 
days after mixture, 125 

Portland cement (from compact limestone and 

clay) 30 to 50 days after mixture, 1,200 to 1,550 

X — Miscellaneous Supplementary Table. 



Material 



DiznensionB. 



Tearing 
Load, 

IbSL 



Length of 

lib. weight, 

in feet 



Tenacity in 
feet of the 
Material 



Cast steel bar, 

Charcoal iron wire, 

Iron wire rope, 

Iron bar, strong, 

Boiler plate, strong,.... 

Teak wood, 

Deal, 

Hempen rope, hawser-) 

laid, 5 

Hempen rope, cable-laid, 

Silken thread, -j 

Flaxen thread, 



I m. X I m. 
area i sq. in. 
girth 1*27 in. 

I in. X I in. 
area i sq. in. 

I in. X I in. 

I in. X I in. 

girth I in. 

girth 10 in. 

area 0-000115 

sq. in. 

unknown. 



130,000 
100,000 
4,480 
60,000 
50,000 
15,000 
12,000 

1,050 

67,200 

6 

6 



0-297 

0-3 

6-0 

0-3 

0-3 

3-0 

4-0 

26-0 

0*279 

19,950 

15,833 



38,610 
30,000 
26,880 
18,000 
15,000 
54,000 
48,000 

27,300 

18,750 

119,700 

95,000 



Modulus of elasticity of silken thread; 
3,000,000 feet of itself = 1,300,000 lbs. on the square inch. 

Modulus of resilience of silken thread; 

473 foot-lbs. for a cord weighing 2 Iba; or 

205 foot-lbs. for a cord 2 feet long x 1 square inch area. 

=j tenacity of silk-worm gut, in lineal feet of itself^ is about 
oe with that of silken thread. 
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RoTAL Naty CAmr as. 

Mean of Nos. Mean of Nos. 
1, 2, 3, 4, 5, and 6. 7 and & 

Tenacity of warp in lineal feet of canvas, 21,552 27,200 

Tenacity of weft in lineal feet of canvas, 30,788 32,000 

Mean tenacity of the flaxen yam in lineal 

feet of itself, being the sum of the 

tenacities of the warp and weft, 52,340 59,200 

(The above are from the Tra/ns, qftlie Institution of Engineers in 
Scotland for 1865-6, on the authority of Professor Rankine, Mr. 
Peter Oarmichael, and Mr. John P. Smith.) 

Aluminium bronze contains from 5 to 10 per cent, of aluminium, 
and from 95 to 90 per cent, of copper. 

Its mechanical properties are as follows, according to Mr. John 
Anderson, of the Woolwich Gun Factory ; — 

Specific gravity, 7*68; heaviness, 480 lbs. per cubic foot. 

Tenacity, 73,ooo lbs. per square inch. 

Kesistance to Crushing, 132,000 lbs. per square inch. 

Cast steel in snmll blocks; resistance to crushing, 
in lbs. on the square inch, according to Mr. 
Fairbaim^ 269,000 



Section II. — ^Rules. 

1. Factum of Safety and Modnli of Strength : — 

Dead Load. LiyeLoad. 

Factors of safety for perfect materials and ) 

workmanship, J ^ 

For good ordinary materials and workman- 
ship: — 

Metals, 3 6 

Timber, 4 to 5 8 to 10 

Masonry, 4 8 

A dectd load on a structure is one that is put on by imperceptible 
d^prees, and that remains steady; such as the weight of the 
structure itself. 

A live load is one that is put on suddenly, or accompanied with 
vibration; such as a swift train travelling over a railway bridge, 
or a force exei-ted in a moving machine. 

BuLE I. — Given, the proportions of live and dead load on a 
structure; to find the factor of safety for the mixed load; multiply 
the factor of safety for a dead load by a number i^To^T^\QiV!^\»> 
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the dead part of the load, and the factor of safety for a live load 
by the number proportional to the live part of the load; add 
together the products, and divide by the sum of the multipliers. 

Example. — In an iron bridge, suppose dead load ^live load 
: : 5 : 4; then (3 x 5) + (6 x 4) = 39j and 39 ^ (5 + 4) = 4^ 
factor of safety for mixed load. 

Rule II. — Given, the breaking load of a piece of material; 
to find the proof load; divide by the factor of safety for a dead 
load. 

Rule III. — Given, the intended vxyrhing had on a piece of 
material ; to find the least proper hreahitig load; multiply by the 
proper factor of safety as found by Rule I. 

Rule IV. — To find the working modidus or co-efficient of strength 
of a given piece of material; divide the modulus or co- efficient of 
ultimate strength by the proper factor of safety. (The co-efficients 
in the tables of the preceding section relate, with a few exceptions, 
to ultimate strength, or breaking load.) 

2. Uuiform Tension.— RuLE V. — To find tJie intensity of ^e stress 
on a bar bearing a tensile load ; divide the load by the sectional 
area of the bar. 

Rule VI. — To find the breaking load, or the toorking had, of a 
bar subjected to tension ; multiply the sectional area of the bar by 
the modulus of ultimate or working tenacity, as the case may 
be (having due regard in the latter case to the proper factor of 
safety). 

Rule VII. — To find the sectional area of a bar to bear a given 
load ; divide the load by the proper modulus. (See Rule IV.) 

Rule VIII. — To find the proportionate extension of a stretched 
bar; divide the intensity of the tensile stress by the ^^modvlus oj 
elasticity''' (See Tables.) 

To find the elongation; multiply the length of the bar by the 
proportionate extension. 

N.B. — This Rule holds only when the load is not beyond the 
proof strength of the material. In applying it to a live load, that 
load must be doubled, so as to reduce it to the equivalent dead 
load. 

Rule IX. — To find the resilience of a bar under tension; 
multiply the proof load by half the corresponding elongation : or 
otherwise; multiply the modidus of resilience by half the volume 
of the bar. 

The five preceding Rules are applicable when the resultant of 
the stretching load traverses the centre of each cross-section of 
the bar. 

3. Uniformly Varying Tension. — When the resultant of the 
stretching load does not traverse the centre of the cross-section of 

he bar^ the intensity of the stress v/ill seudbly vary at an uniform 
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rate; and will be least at that edge of tlie section from whicli tbo 
resultant deviates, aod greatest at that edge toioards which the 
resultant deviates. The mean intensity will be the same with that 
given by the Bules of the preceding Article. To find the ratio 
in which the greatest intensity exceeds the mean, proceed as 
follows : — 

Rule X. — Find the centre of magnitude of the cross-section as in 
the Rules of pages 81, 82, 83, and 85. Then find its centre of per- 
cussion relatively to the edge from which the resultant load deviates. 
(See pages 155, 156, 157.) Divide the deviation of the resultant 
of the load from the centre of magnitude by the deviation of that 
centre of percussion from the centre of magnitude. Divide the 
distance of the centre of magnitude from the edge towards which 
the resultant load deviates by the distance of the same centre from 
the opposite edge. (In symmetrical sections this second quotient 
IB = 1.) Multiply together the two quotients, and to the product 
add 1. (In symmetrical sections add 1 to the first quotient.) The 
sum will be the i-atio in which the greatest intensity of the stress 
is greater than the mean intensity. 

4. Rcaiatance •f Thin Sheila to Bursting. — Let r denote the radius 
of a thin hollow cylinder, such as the shell of a high pressure 
boiler; t, the thickness of the shell; /, the tenacity of the material, 
in pounds on the square inch ; p, the intensity of the pressure, in 
pounds on the square inch, required to burst the shell. This ought 
to be taken at six times the effective working pressure — pffective 
pressure meaning the excess of the pressure from within above the 
pressure from without, which last is usually the atmospheric 
pressure of 14-7 lbs. on the square inch, or thereabouts. 

Rule XI. — To find the bursting pressure of a given thin cylin- 
drical sJidl; make 

^ r 

Rule XII. — To find the proper proportion of thickness to radius 
for a given ultimate tenacity and bursting pressure; 

t _ p 

~r~f' 

Value of / for well-made wrought-iron boilers, with single- 
rivetted joints, properly crossed; about 34,000 lbs. on the square 
inch (Fairbaim). 

Rule XIIL — ^To find the bursting pressure of a thin spJierical 
shdl; take double the bursting pressure of a thin cylindrical shell 
of the same radius, thickness, and material. 

Rule XIV. — To find the least proper thickness for a thin 
spherical shell of a given material and radius, ior «ii ^\^iL\ivu 
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pressure; take half the corresponding thickness for a cylindrical 
shell 

N.B. — ^When a cylindrical boiler has hemispherical ends, it is 
advisable to make them as thick as the cylindrical barrel, notwith- 
standing that they are thereby made twice as strong. 

Rule XV. — Suppose a shell of the figure of a segment of a 
sphere to have a circular fiange round its base, through which it is 
bolted to a flange upon a cylindrical shell, or upon another spherical 
shell. Let r denote the radius of the sphere, in inches; r', the 
radius of the circular base of the segmental shell, in inches; /?, the 
bursting pressure, in lbs. on the square inch; then the number and 
dimensions of the bolts by which the flange is held should be such, 
that the load required to tear them asunder all at once shall be 

3-1416/2^; 

and the flange itself should require, in order to crush it, the follow- 
ing thrust in the direction of a tangent to it :— 

1 

2?'"' ' si '"^ ~ ^'^' 

If the segment is a complete hemisphere, r' = r, and the last 
expression becomes = 0. 

5. Realstance •f Thick Sheila to Barstlng. — Let E> represent the 
external and r the internal radius of a thick hollow cylinder, such 
as a hydraulic press, the tenacity of whose material is j^ and whose 
bursting pressure is p. 

Rule XYL — To find the bursting pressure of a given thick 
hollow cylinder; make 

^ "-^ 112 + ^2- 

Rule XYII. — To find the proper proportion of outside to inside 
radius for a given tenacity and burating pressure ; make 

The corresponding formulae for a thick hollow spliere are 

^ VT7TTT J- 2R3 - 2r8 

Rule XVIIL- p=f' ^^,-~-^^ - 

6. Reaiatance to Shearinff.— In rivets, keys, pins, bolts, treenails, 
?d other fastenings exposed to shearing stress, the greatest intensity 
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of the stress is liable to become greater than tlie mean intensity, 
tiixoagh uneqnal distribution. The strength of fastenings, allow- 
ing for that inequality of stress, is to be made equal to that of the 
iBiin pieces which they connect together. 

Bulb XX. — ^To find the strength of an easy-fitting fastening 
against shearing; multiply the sectional area by the modulus of 

itaeiigth ; then take ^ of the product if the &stening is rectangular 

m aectioii, or j if it is circular or elliptical in section. 

For a perfectly tightfUtirhg fastening the strength is the whole 
product just mentioned. Many actual fastenings ai-e intermediate 
between easy and perfectly tight fastenings. 

RxjUB XXI. — Ordinary dimensions oi rivets: — 

Dia/meter for plates less than half an inch thick, about double 

the thickness of the plate. 
For plates of half an inch thick and upwards, about once and 

a-half the thickness of the plate. 
Length before clenching, measuring from the head = sum of the 

thicknesfl of the plates to be connected + 2^ x diameter of 

the rivet. 

BULE XXT. A. — Bivetted Joints, — Make the joint sectional area 
flf the rivets equal to the area of plate left after making the rivet 
holeB; or in symbols, — 

Let t denote the thickness of the plate iron; 
d, the diameter of a rivet; 

f^ the number of rows of rivets transverse to the pull ; 
c^ the^^i^ from centre to centre of the rivets in one i*ow; then 

- -785471^^2 

c = d + 

t 

Each plate is weakened by the rivet holes in the ratio 

<? - rf -7854 n d 

c ~ t ■¥ -7654 n d* 

In "singie-rivetted" joints, w = 1 ; in "double-rivetted" joints, 
s = 3; in "chain-rivetted" joints, n may have any value greater 
than 1. A single-rivetted joint is weakened by unequal distri- 
bution of the tension in the ratio of 4 : 5. 

Sappoae that in a chain-rivetted joint the pitch, c, is fixed; then 

_ (c - flg) < 
'***' -7854 c^- 
p 
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7. RcBlstaace tm C^aiprcMimi «b4 IMvect OnNhlHipi — ^Resistance 
to longitudinal compression, when the proof stress is not exceeded, 
is sensibly equal to the resistance to stretching, and is expressed 
by the same modulus. When that limit is exceeded, it becomet^ 
irregular. (See Rule YIII., jiage 206.) 

The present Article has reference to direct and simple cmshing 
only, and is limited to those cases in which the pillars, blocks, 
struts, or rods along which the thrust acts are not so long in pro- 
portion to their diameter as to have a sensible tendency to give way 
by bending sideways. Those cases comprehend— 

Stone and brick pillars and blocks of ordinary proportions; 

Pillars, rods, and struts of cast iron, in which the length is not 
more than five times the diameter, approximately; 

Pillars, rods, and struts of wrought iron, in which the length it 
not more than ten times the diameter, approximately; . 

Pillars, rods, and struts of dry timber, in which the length is not 
more than about twenty times the diameter. 

In such cases the Rules of this Section, from V. to VIL, 
and also Rule X. (pages 206, 207), are approximately applicable, 
substituting thrtist for tension^ and using the proper modnlua.of 
resistance to direct crushing instead of the tenacity. 

Blocks whose lengths are less than about once-and-a-half their 
diameter offer greater resistance to crushing than that given hy 
the Rules; but in what proportion is uncertain. 

8. Strength of I^ong Slrntii and Pillnrs. — Long struts and pillaJS 

give way by bending sideways and breaking across. Let P be the • 
breaking load of such a pillar; S, its sectional area; I, its length; r, 
the least radius of gyration of its cross-section (see page 154); yand 
c, two co-efficients depending on the material ; then 

Rule XXIL — For a strut or pillar fixed in direction at both 
ends, 

P / 

1 + - -« 

Rule XXIIL — For a strut or pillar jointed at both ends; 

P / 

S " , 4/2' 

Rule XXIV. — For a strut or pilkr jointed at one end and fixed 
at the other; 

^- / 

s " ; 16 ^2 • 
1 + 
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When tubes are stiffened by rings, the length in the role is to 
be measured from ring to ring. 

10. Action •€ a Transrerae I«4Nid •■ a Beam. — If the load con- 
sists of seyei*al parts, find the restdUmt load by the Bides of Part 
v., page 164, and Part IV., page 153. Then find the siipportiTig 
forces by the proper rule (XIX.) in page 163. 

Rule XXVI. — To find the mea/ring actions exerted in a series of 
intervals of the length of the beam : — 

Case I. — If the loaded part of the beam projects outward from 
its point of support, and the load is applied at detached points, the 
shearing action in the outermost interval is equal to the load at 
the outermost point. 

To the shearing action in any interval add the load applied at 
the inner end of that interval; the sum will be the downward 
shearing action in the next interval inwards. , 

For a distributed load, in symbols; let es? a; be an interval of the. 
length; w, the load per unit of length; F, the shearing action at 
the distance x inwards from the outermost loaded point; then 

F= f^wdos. 



■=/:■ 



Case II. — If the loaded part of the beam lies between its points 
of support, and the load is applied at detached points; the upward 
shearing action in the interval next one of the points of support 
is equal to the supporting force at that point. 

From the shearing action in any interval subtract the load 
applied at the point next beyond that interval; the sum will be 
the shearing action in the interval next beyond 

For a distributed load, in symbols; let P<, be the supporting 
pressure at the end where the calculations commence, and F the 
shearing action at the distance x from that end; then 



■=^-/: 



w d X, 



Eemark. — In calculating the series of shearing actions in Case 
II., a point is reached where the shearing action changes its direc- 
tion, as shown by its algebraical sign changing from positive to 
negative. This is the point where the locul divides (as in page 
171). At the further end of the span the shearing action is equal 
in amount to the supporting force at that end, but of contrary 
algebraical sign. Let I be the span ; P;, the supporting force at its 
further end; and F;, the shearing action close to that end; then 

F/ = Po- f^^wdx=z'-'Pi; 

and this formula serves as a check on the accuracy of the calcula- 
^aa bjr the preceding formula. 
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RiTLE XXVII. — To find tke bending montenta exerted at a aeries 
of points; in the length of the bcfim Multiply the length of each 
interval bj the shearing action exerted in that interval; add 
together the products corresponding to the intervals which lie Ijc- 
feween one end of the bcaiu and the point where the bending 
moment is required; the sum will be the required bending 
moment 

In sjmbolsj let M be the bending moment at the distance ^ from 
one end of the beam; then 



M=|JFc^:», 



Remabe* — Tlie accuracy of the calculation of the bendiDg 
moments at a aeries of j>oints may he checked by trying whether 
at the further end of the span the bending moment vanishes; 
that is 



Mi 



:,= r F<f;^=o. 



Rule XXYIII. — To find the greatest bending moment; take 
the bending moment at the point where the load divides; tliat isj 
whei-e F = a 

For tables of the compai'ative values of different uni^ of bending 
mo7nentj sec pages 104, 110, 113. 

11* l£xp]iiiiiftti«im <if the Table *r Exnm|iles. — W, total load| ?, 

length of beam fixed at one end, or span of beam supported at both 
ends; F, shearing action, and M, bendiag nionientj at distance x' 
from one end ■ x\f distance from one end at whicli shearing action 
is gi-eatest; 4 ratio of greatest shearing action to total load W ; 
sc'o, distance from ssame end at which F = and M i= a uiaximum ; 
w*j ratio of maximum bending moment to W L That is to say, 
let F^ ~ greatest shearing action, and M^ = greatest bending 
moment J then F^ = /; W; M^ = mW L 

To transform the expressions in the following table, Cases IV. 
to V-li.j which are suited for co-ordinates measured from ono 
point of su|iport of a beam supported at both ends, into expressions 
suited for co-ordinates measured from the middle of the beam, 
let c be the ha^f-^an, and substitute 2 c f or l^ c — x for x' , and 
e -h X for I — sd J tbroughoiit the whole of that jiart of the 
table. 

12. TmrelUBfl Xiimd on n BeaiBp— A beam of the span I is sup- 
ported at the two ends; a permanent load of the uniform intensity 
Ebf to lbs. per lineal foot i^ distributed over it. An additional hjad, 
nch as the weight of a railway train, of «/ lbs. per lineal foot, 
BaduaHj rolls on to the beam from one end, covering it at last 
fiom end to end, and then ix)lls off at the otlier end. (For the 
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KuLE XXIX. — ^The Chreateat Shearing Action at a given cross- 
section occurs wlien the longer of the two segments into which it 
divides the beam is loaded with the travelling load as well as with 
the permanent load, and the shorter loaded with the permanent 
load only. Let F' denote that action, and of the distance of the 
section in question from the nearer end of the beam; then 

Let X be the distance of the cross-section in question from the 
middle of the beam, and c the half-span; then 

Til 1 iv' (c + xf 

•± c 

The Greatest Bending MomenJt at a given cross-section occurs 
when the whole span is loaded with the travelling load^ and is 
therefore given by Case YL of the table ; viz., 

_ {w + w') x' {I — a/) _ {w + v/){c^ — a^ 
2 ~ 2 • 

Kehabe. — If the travelling load is liable to rush suddenly/ on to 
the bridge, like a swift railway train, its actual weight should be 
doMed in taking the value of t/;', in order to reduce it to the 
equivalent steady load ; and when this has been done, the factor of 
safety employed in further calculations may be that soited for a 
dead load. 

13. The moment of Beaistance of a Beam at a given cross-section 
ought to be at least equal to the greatest bending moment. 

Rule XXX — In a skeleton beam, consisting of stringers and 
braces only (see fig. 72, page 169), to find the moment of resist- 
ance at a given joint ; multiply the sectional area of the stringer 
opposite that joint by the greatest safe intensity of stress along it 
(tensile or compressive as the case may be) and by the perpendicidar 
distance of the centre line of the stringer from the joint; the pro- 
duct will be the required moment of resistance, 

Rule XXXI. — In a thin-wd)hed beam with parallel flanges 
along the edges of the web (in other words, of a thin-webbed I- 
shaped section) the flange which becomes convex by the bending 
of the beam is stretched, and that which becomes concave com- 
pressed. Multiply the sectional area of each flange by the greatest 
safe stress along it (tension or thrust according as the flange is 
stretched or compressed); then multiply the lesser of the two pro- 
ducts by the perpendicular distance between the centre lines of the 
flanges; the final product will be the required moment of resist- 
ance, approxim^xteli/. In this method the moment of resistance 
/ the weh is neglected. 
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K,B, For the best economy of mftterial, the two prod nets first 
mentioDed should be equtil to each other. The croaa-aection of the 
beam ia then said to bo of equ^d Urenglk. 

Rule XXXIL — In a solid beam, to find the moment of 
resistanc© at a giTen ci'oss-seatioa :■ — 

Step 1. — ¥md the neutral axis of the cross-section by tfl,king its 
centre of magnitude (see pigea 81 to 84), and di^wing through 
that point a stnught line perpendicular to the plane in whieh the 
hending of the beam takes place. 

Step % — Find the gmTmtrical TTUmimi of intrlia of the erosa- 
sedion relatively to its neutral axis, by dividing that section into 
narrow strips parallel to the neutral axis, multiplying the area of 
each strip by the sqnai*e of its diatance from the neutral axisi and 
adding the products together* (In Rules I.j XL, and III. of page 
154, put " cro&a-section " for **hody/' and "area*' for "mass/* 
sod those rules become appl legible to the present purpose.) In 
symbols, let ^ be ihe djataoce of any strip from the neutral axis ; s, 
its length parallel to that axis ; <f ^, its breadth j and Ij the geometric 

eal moment of inertia of the section j then I = j y"^ ^dy (^^n' bh\ 

where b ia the breadth, h the depth, and n* a factor depending on 
the form of section)* Also, let S be the sectional area, and r the 
mdioB of gyration of the section relatively to its neutral axis (see 
page 211); then I =r^ a 

Step 3. — Divide the greatest safe tensile stress on the material 
by the greatest distance of the stretched particles of the cross- 
s^ioo from the neutral axis, and the greatest safe conipres.*^ive 
stress by the greatest distance of the compressed particles from 
the neutral axis; multiply the lesser of those quotients by the 
moment of inertia of the eroaa-sectionj the product will be the 
required monaent of resistance. 

In symbols, let y^ and ^^ be the greatest distances of eompresaed 
uad stretched particles from the neutral axis; /^ and/^, the greatest 

nfe thrust and tension on those particles respectively; let *^ stand 

for the lesser of the two quotients, — , — : then the moment of 

feiiitanGe m / i- 

U='^-^ = nf.bh^; 

where n ia a factor depending on the form of croes-section* Another 
expres^on for the moment of resistance is as follows ; — 
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in which S is the aisa of the cros»-sectbn, and q a suitable 
numerical factor. 

For the best economy «f materia^ the two quotients ought to be 
equal> that is to say, 

This gives a cross-aecHon of equal strength. 

EXAMPLTO OF THE NuKERICAXi FaCTOBS. 



Form of Cross-Section& 


""'^hh* 


"-A 




L Rectangle 6 A, v..... ) 

(inclucUng square) ) 

IL ElUpse— 

Vertical axis A, 

Horizontal axis 6, > 

(including circle) 

m. Hollowawtangle, 6 A— 6' V;^ 
also J -formed seddon, 
whexe 6^ is the sum.of the 
breadths of the lateral 
hollows, 


1 
12 


1 

5 


1 
6 


-r 1 
64"20-4 
= 0-0491 


1 

2 


«• 1 
32" 10-2 
^ 0-0982 


i^^O-^^O 


1 
i 


U'-lf) 


IV. Hollow square. 


hi}-%) 


1 
2 


j(>-¥) 


V- Hollow ellinse. 


1 / VA-x 
20-4V* bV 1 


1 

2 


1 / ft-A-x 
10-2\* 6A»; 


VL Hollow circle. 


2041 AV 


1 
2 

• 


ao^O~AO 


VIL Isosceles triangle; base &, ) 
height A; y\ measured > 
from summit, , ) 


1 
36 


2 
3 


1 

2i 
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STRENGTH OF BEAMS. 21^ 

PoAM OP Cross- Section. 

9'' 

L Hectangle^ ,.„*.» g. 

II. Kllipse aod circle, ...,. Z_ 

iIlL Hollow rectangle, i^t-s 

H = hh- b'h'; also Lahaped i _ ^Az 

section 3 b* being the suni of " '^ 

the depths of the lateral ^/, b' h'\' 

hoUowa, ,. ^[^ ^ Th) 

tV, Hollow square, 8 = A* - h%,.. ^ H +-pj' 

v. Dop, Teiy thin (approx.)» ^i 

^ ^o^-^^^' lO-w>0 -'if)- 

VIL HoUow circle,,, ^ A + ^^^ 

VIIL Da, very thin (approx.)^ 

IX, T - shaped section ; flange A, C TO + 4 A 

wehCiS = A + C(approxO, g (q ^ a) (C + 2 A) ' 

X, I -shaped section; flanges A, B; 
wehC;S = A + E -H Cjthe 

e V PP»^^-^ G(C + 2B)(A+B-fr-C) * 

X A. Da, do. J the beam sup^ 

^sed to gi^e way at the flange g^g ^4^^ 4 B) + 12 A B 
^l^PP^M.-'^**'^-. 6 (GTSXHATbTC) ' 

XI- I -shaped section; with equal 

flanges; A = B; S = C + 2 A Vl + -AJ^\ 
(approx.), ..,...„. l\ ^ ^'2A)' 

14. C ptt a<- i i « cii«aa af £^Hai Strength have already been mentioned. 
The following niJea arc applicable where the beam is I -shaped^ con* 
Mating of a vertical web, rectangular or nearly so in section, with 
flangea of small depth compared with the depth of the webj r\timin^ 
idong ita upper und lower edgea 



J 



220 STRENGTH OF MATERIALS. 

Let fa be tlie greatest safe thrust; ^ the greatest safe tension; 
ya and y^^ the distance from the neutral axis to the centres of the 
compressed and stretched flanges respectively; A = ya + y*, the 
depth between the centres of the flanges; A and B, the sectional 
areas of the compressed and stretched flanges respectively; C, the 
sectional area of the web measured from centre to centre of the 
flanges. 

Rule XXXIII.— ;/« greater than f^ (as in cast iron). Given, 

A, C; to find B; 

B='^A+*^-^*C. 
Remark.— The moment of resistance is 

In practice, A^i B is often used as an approximation to this 
moment. 

Rule XXXIII a.— ^/^ less thany^ (as in wrought iron). Given, 

B, C; to find A; 

A =-^* • B +-^^- C. 
Remark.— The moment of resistance is 
M = a{/»B + (2/. -/.)J} = a{/.A + (2/. -/»)?}. 

In designing I -shaped beams, fix C by considerations of prac- 
tical convenience, and then find A and B so as to give the required 
moment of resistance. 

15. liongitadlnal Sections of Equal Strength. — RULE XXXIV. — 
To give a beam a longitudinal section of equal strength, make h A*, 
or h S, at difierent points of the length of the beam, vary propor- 
tionally to M ; taking care near the points of support to leave 
enough of material to resist the shearing action. 

To effect this with the greatest economy of material, let the 
depth, A, be uniform, and make the breadth, 6, or the sectional area, 
S, vary proportionally to M. 

To effect the same thing, and give the beam the greatest possible 
flexibility, either let h be constant, and make h vary proportionally 
to V'M; or let S be constant, and make h vary proportionally 
toM. 

16. Allowance for Weiglit of Beam. — RULE XXXV. — Let W 

be the extenial working load, dead, live, or mixed, on a beam; «', its 

ctor oi safety; and let 8 \ie t\ie iac^x at ^aM^ ^^^ ^ ^^ 



I 



BTBENGTH ASD DEFLEOTIOK OF BEAMS. 221 

load. HJATiiig fixed the depth beforehand, calculate a provisional 
hnadihf or a proviaiorud secHoncU area, suited to bear safely the 
eztemal load alone; and thence compute a provisional weight for 
the beam, — say B". Then increase the breadth, or the sectional 
aroa^ in the foUowing ratio : — 



s'W — sl^' 



and the beam will safely bear its own weight in addition to the 
given external load. 

Bulb XXXYL — Given, the span I, weight B, and external 
working load W of an actual beam of a given sort; to find the 
UmUmg apan^ L, of a beam of the same sort, and with the same 
proportion (A •- A of depth to span, which will just bear its own 
we^^ht safely and no more. 



L = l 



sB 



BxTLE XXXVII. — Given, for a certain sort of beam, with a 
given proportion, A -f- ^, of depth to span, the span I, and the 
timUing apdny L, of similar beams; to estimate the probable pro- 
portion of weight of beam to external load; 

B «' I 



W " « L — Z 

17. IMfoetlMi mt Beams.— BuLE XXXYIII.— To find the curv- 
iriMTV (that is the reciprocal of the radius of curvature) of an 
criginaUy straight beam at a given cross-section. 

Oaae I. — The bending moment given. Divide the bending 
Boment by the moment of inertia of the given cross-section (see 
Article 13 of this section, page 217), and bv the modulus of elasticity 
of the material In symbols, let r be the radius of curvature; then 

1_^ 

Gase XL — ^The cross-section under its proof stress. Divide the 
pKDof stress (^) by the distance of the most severely strained 
pitiftlCT from the neutral axis, and by the modulus of elasticity; 
tile quotient will be the proof curvature; 

r E"y7 
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In cross-sections ofeqtud strength the proof curvature is 

r"" EA ' 

Rule XXXIX. — To find the dope of the beam (originally level) 
at a given point. Divide the length of the beam into small 
intervals {d x); multiply the length of each interval by the curva- 
ture at its centre (giving the product — J ; add together the 

products for the intervals from a point where the beam continues 
norizontal to the point where the slope is required; the sum 

( t = / — j will be the required slope. 

Rule XL. — To find the deflection. Multiply the length of 
each small interval by its slope (obtaining the product t d a;) ; add 
together those products for the intervals extending between the 

highest and lowest points of the beam, the sum {v = i id x) will 

be the required deflection. 

The preceding is the general method. The following are special 
rules: — 

Let c be the Judf-span of a beam supported at both ends, or the 
length of a beam fixed at one end ; h, the extreme depth, and 6, the 
extreme breadth of the beam; W, any given load;^, the proof 
stress ; or/„,the proof thrust, an d/^, the proof tension, in cross-sections 
of equal strength ; m' h, the distance of the most severely strained 
layer from the neutral axis ; n' b h^, the moment of inertia of the 
greatest cross-section ; m", n\ mb\ n'\ numerical multipliers 

Rule XLI. — Steepest slope under proof load; 

*i-E»»'A' V EA )• 

Rule XLII. — Proof deflection; 

""i-Em'A^ V"" Eh y 

Rule XLIII. — Steepest slope under a given load, W; 

. _ m"' Wc2 
*'i " E n' 6 

Rule XLIV. — Deflection under a given load, W; 

_ n!" W c8 
^i"Ew'6/t8- 
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Case. 

A. XJhifobu Cboss-Sschok. 

L Constant Moment of ilex- 

nre, 

IL Fixed at one end, loaded 

at other,. .••• 

TPr, Fixed at one end, nni- 
foimly loaded,. •••.••... 
TV, Supported at both ends, ) 
loaded in middle, j 

Y. Supported at both ends, ) 
uniformlj loaded, / 



Proof Load. Giren Load. 

Factors for Factors for 

SIop«. Dsfiection. Slope. DeBectioa. 


1 .. 


1 




1 


1 1 


I 


2 '■ 


•".* 3 2 ' 


3 


1 


1 1 


1 


3 •• 


"" i 6 ■ 


8 


1 


1 1 


1 


2 " 


•••• 3 1 • 


6 


2 


5 1 


5 


3" 


—'12 C 


48 



R XInifobx Strength and TJni- 

fOBM DSFTH. 



(The curvature of these is uniform). 

VL Fixed at one end, loaded ) 

at otber. j 

YJLL Fixed at one end, uni- ) 

formly loaded, / 

VIIL Supported at both ends, ) 

loaded in middle, / 

IX. Supported at both ends, ) 
uniformly loaded, / 



1 ... 


1 


... 1 ... 


1 




... ^ ... 




... g 


1 . 


1 


1 






... 2 ... 


... 2 ... 




1 ... 


1 


1 




... 2 ... 


... 2 ... 


••• A 


1 ... 


1 


1 




... 2 ••' 


... ^ ... 


... 8 



OL TJnifobu Strength and Uni- 
form Breadth. 



X Fixed at one end, loaded ) « 2 « 2 

atother, j g ^ g 

XL Fixed at one end, uni- )./;.. , • y? -x 1 

formly loaded, } ^^^*^ ^ "^^^^^^ 2 

XII. Supported at both ends, ) „ 2 1 

loaded in middle, j ^ 3 ^ 3 

'™- '3S;'lo^S,!l^:} 1-^708 0-5708 0-3927 0-1427 
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Rule XLV. — Given, the half- span, c, and the intended proof 
deflection, v^, of a proposed beam; to find the proper value of the 
grecUest depths h^; make 

(taking n" from the preceding table, and making m' h^ as before, 
denote the distance from the layer in which the stress is/^ to the 
neutral axis.) 

If the cross-section is to be of equal strength, make 

'^«- WV^ "• 

Rule XLVI. — ^To deduce the greatest stress in a given layer of 
a beam from the deflection found by experiment. 

Let h be the depth of the beam at the section of greatest stress, 
and y the distance from the neutral axis of that section to that 
layer of the beam at which the greatest stress ifi required : — 

c, the half-span of a beam supported at both ends, or the length 
of the loaded part of a beam supported at one end; 
7i", the factor for proof deflection, already explained; 
E, the modulus of elasticity of the material; 
V, the observed deflection ; 
then the intensity of the required stress is 

Ey w 

Rule XL VII. — To find the resilience of a beam loaded at one 
point; multiply half the proof load by the proof deflection. 

18. Continnons oirdem.— In the following rules the girder is 
supposed to be of uniform cross-section, and to be continuous over 
two or more piers. The half-span of one bay is denoted by c; the 
fixed load per unit of span by w, the travelling load per unit of 
span, if brought on slowly, by 2^;'; if the travelling load comes on 
suddenly, w' must be understood to stand for the equivalent dead 
load; that is twice the actual travelling load per unit of span. The 
moment of resistance of the uniform cross-section is to be adapted 
to the most severe bending moment. 

Rule XL VIII. — To find the bending moment at mid-span 
(Mq), and the reverse bending moment over each pier ( - M^, when 
eveiy span is loaded with the travelling load; 

JXlo ^ , — Ml _ g 
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SuLB XTjTX. — To find the said bending moment when the span 
under consideration is loaded with the travelling load and the 
tdjoimDg spans with the weight of the bridge only; 

(ti; + 2«0c2 . _ {2w + v/)c^ 
Mo - g , — Ml g . 

Every continuous girder bridge has two end bays at which the 
oontinuity stops; and these must be of less span than the inter- 
mediate bays. 

BuLE L. — The proper span of an end bay should be not less than 

-« (or it will be too light); and not greater than 



V- 

! ( 1 + V syj^.) ) (or it will be too weak). 



To calculate the proof deflection of continuous girders, use Rule 
XLIV., page 223, with the following values of the multiplier n"; 



Every span folly loaded,. 



One span fully loaded; the adjoining spans loaded 
with the weight of the bridge alone; the lesser 
of the two foUowing factors, 



1 

s 

w + 3w' 

19. Avelicd RilM«— In the following rule the rib, of iron or 
timber, is supposed to have its centre line of the foim of a parabola, 
of the half-span, c, and rise, k. The sectional area of the rib at its 
crown is denoted by A, and at other points that area is supposed 
to vary as the secant of the inclination of the rib to the horizon. 
The depth of the rib, A, is supposed uniform. The moment of 
reaiBtance of the rib to cpos»-breaking is supposed to be denoted by 
/i 9 A A; q being the multiplier of which values are given in page 
219. The uniform fixed load per unit of span is denoted by w; 
and the travelling load per unit of span, if gradually put on, by k/; 
if suddenly put on, v/ denotes twice the actual travelling load per 
unit of span. The rib is supposed to be jointed at the crown and 
at the springing. 

RxTLE LL — When the rib is fully loaded, to find the horizontal 
thrust (H), and the intensity of the stress (/?), 

(w + ur)c\ H 
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Rule LII. — ^When one-half of the span only is loaded with the 
travelling load, the horizontal thrust is, 



r=(-+?) 



2k' 
Also, let -Yn- = M' ; then the greatest intensity of stress is 



16 



i(«-s- 



Remark — That greatest stress is compressive; and is exerted 
near the middle of the length of the inner edge of the unloaded 
half of the rib, and of the outer edge of the loaded half 

Rule LIII. — Given, the greatest safe stress, /,; to find the 

proper area, A, for the rib at its crown; calculate the two foUow- 

M' . 
ing quantities : H as in Rule LI. ; and H' H — £ as in Rule LIL ; 

divide the lesser of them hyf^; the quotient will be the required 
area. 

20. Stiffening oirder.— RuLB LIY. — To find the proper moment 
of resistance for a stifiening girder for a suspension bridge ; calcu- 
late M' as in Rule LII. The greatest shearing action in that 

. , . w' c 
girder is -— -. 

The stiffening girder is liable to be bent upwards and down- 
wards alternately; and therefore it should be made alike above 
and below. 

21. Kesistance to Twisting.— Let h be the external diameter of a 
shaft; h', the internal diameter (if it is hollow) ;y*, a modulus of 
stress. 

Rule LY. — Moment of resistance of 

a solid cylindrical shaft, O'ldQ/'h^; 

a hollow cylindrical shaft,... ,0*1 9 6/* • j ; 

a solid square shaft, 0*28/' h^. 

Rule LYI. — To find the thickness of a shaft which shall have 
a given moment of resistance to twisting, M. 

solid cylindrical shaft, h= \/ f ,q^ , j; 
hollow cylindiical shaft, K =nli\ A = aV ( Q.igfl n -.^^WV * 
solid square shaft, h = a/ IaTosT/ 
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Stress in Lbs. on the Sqnare Inch. 
Breaking. Working. 

Cast iron, 27,700 4,000 to 4,500 

Wrought iron, 50,000 8,000 to 9,000 

Rule LVII. — When bending and twisting actions are com- 
bined on one shaft, let M be the bending moment, and T the 
twisting moment; then make the shaft of the diameter suited to 
resist the following tvnsting moment : — 

M + V (M2 + T2). 

EuLE LVIII. — The angle of torsion of a bar, whether cylindrical 

2 /' I 
or sqiiare, when under the proof stress/', is —jr^j'j in which I is 

the length, and h the thickness of the bar, and C the modulus of 
lannsTerse elasticity. 

22. Backled Plates.— EuLE LIX. — To calculate the load uni- 
formly distributed over a buckled plate, which will crush it; the 
plate being square, and fastened all round the edges. Multiply 
the depth to which the plate is buckled by the square of the thick- 
ness, both in inches and by 165; the product will be the crushing 
load in tons, nearly. Central load which crushes a buckled plate, 

about ^ of uniformly distributed load. 

23. SBspension Bridges. — As to the horizontal tension, see page 
173. As to stiffening girders, see page 226. 

KuLE LX. — Given, the working horizontal tension, H, the half 
span, x^ and the depression, y, of the chain or cable; to calculate the 
weight of a half-span of it. (Factor of safety, 6.) 

Har 

For the strongest wire cables, make C = -r-r, — r, — : 

® ' 4,500 feet' 

Ha; 
For cable ii'on chains, make C = » ,,,,,. ,. ^ . 

3,000 leet 

Then for a chain or cable of uniform cross-section, the weight of a 
half-span is 

and for a chain or cable of uniform strength (the area varying as 
the tension) the weight of a half-span is 

4y2 



^" = ^0 + 3-10 
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PART VII. 

MACHINES IN GENERAL. 

Section I. — Rules relating to the Comparison op Motions. 

1. motioo of a Point. — ^As to measures of speed of advance, or 
linear velocity, and of speed of turning, or angular velocity, see 
page 102. In the following rules, when not otherwise specified, 
linear velocity is supposed to be expressed in feet per second, and 
angular velocity in circular measure per second. Linear velocities 
and angular velocities are represented by lines, and compounded 
and resolved, like forces and couples. (See pages 158 to 163.) If 

there be three bodies, 1, 2, and 
^^ 3, and 3 has a given motion 
relatively to 2, and 2 a given 
motion relatively to 1, the 
resultant of those two motions 
is the motion of 3 relatively 
to 1. 
p. gg Rule L (See fig. 86.)— 

*^' ' Given, the velocity and direc- 

tion, A B, of the motion of a point. A; to find the component of that 
velocity along a given line, X A X ; from B, let fall B C perpen- 
dicular to X X ; A C will be the required component. In symbols; 

A C = A B • cos C A B. 

Rule II. — A point moves in a curve of a given radius (r) with 
a given linear velocity {v); to find the a/ngula/r vdocity of revoluiion, 
divide the linear velocity by the radius. In symbols; 

V 

a = -. 

r 

Rule III. — In the same case, to find the rate of devicUion; 
divide the square of the linear velocity by the radius; or otherwise, 
multiply the square of the angular velocity by the radius. In 
symbols; 

rate of deviation = — = a^ r. 
r 
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2. Tmaslaflsa •€ a Bl^id Body is tliat kind of motion in which 
all points in the body move with equal velocities and in parallel 
directions along equal and similar paths, straight or curved. 

BuLE IV, — During translation the relative motion of two points 
in a rigid body is = 0. Their comparative motion at any instant 
consists in equality of speed and identity of direction. 

3. B«tBii«n of a Bigid Body. — KuLE Y. — Given, an axis of 
rotation in a rigid body, and the angular velocity of rotation ; to 
find the direction and velocity of the motion of any point in tlie 
body. Let fall a perpendicular from the point on the axis ; the 
required direction will be perpendicular to that perpendicular and 
to the axis; and the required velocity will be the product of the 
angular velocity into the length of that perpendicular. 

Rule VL — driven, the linear velocity of a point in a rigid body 
rotating about an axis; to find the angular velocity; divide the 
linear velocity by the perpendicular distaiice of the point from the 
axi& 

KULE VIL — Given, an axis of rotation, and two points not in 
that axis; to find the compa/rative motion of those two points. The 
ratio of their velocities, or velocity-ratio, is equal to the ratio of their 
perpendicular distances from the axis. 

KULB VIII. — ^A rigid body moves parallel to a given plane, and 
the directions of motion of two points in it are given; to find its 
axis of rotation, if any. 

If the two points are not in one plane parallel to the given plane 
of motion, take their projections on such a plane (A, B, in figs. 87, 
88, 89); the motions of those projections will be identical with 





those of the original points. In each figure the arrows represent 
the given directions of motion of the points. 

CSse I. — Directions not parallel (fig. 87). Perpendicular to the 
given directions, draw A O, B O, cutting each other in O; the 
required axis will traverse O, and be perpendicular to the -^h^^ ' 
xnotiQii* 
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Case II. — Directions parallel to each other, and not perpen- 
dicular to line of connection, A B. In this case the motion is one 
of translation, and there is no axis. 

Case III. — Directions perpendicular to A B. (See figs. 88, 89.) 
In this case the problem is indeterminate unless the velocity-ratio 
of A and B is given. Then draw A Va, B Vj, in the directions of 
motion of A and B, and bearing to each other the given ratio; draw 
the straight line Ya Yby cutting A B (produced if necessary) in O; 
this will give the position of the required axis. 

Bemark. — The axis found by Rule VIII. may be either per- 
manent or instantaneous. 

Bule IX. (See fig. 90.) — In a body rotating with a given 
speed about a given axis, O, to find the 
component, in a given direction, B A, 
perpendicular to that axis, of the velocity 
of a point, A. On A B let fell the per- 
pendicular O B, and multiply its length 
by the angular velocity. 

4. Motion of Rigidly-Connected Points*— 
A pair of points, A and B (fig. 91), are 
so connected that their distance from each 
other, A B, is invariable. 




Fig. 90. 




Fif. 91. 



Rule X. — Given, the directions, A a and B h, of the motions of 
a pair of rigidly-connected points at a given instant; required, their 
velocity-ratio. Draw the straight line of connection, A B, and 
produce it if necessary. Then lay off in it any convenient equal 
distances, A C = B D. Through C. and D draw perpendiculars to 
the line of connection, cutting A a and B 6 in E and F. Then, 
velocity of A : velocity of B : : A E : B F. 

5. Points in Sliding Contact.— In fig. 92 let A B and C D repre- 
sent a pair of smooth surfaces movm^ \a ^<3i\i^ oswjkfeaat^ and let 
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T mark the position of the pair of particles which at a given 
instant toach each other. 

BuLE XL — Given, the directions T V^ 
and T "Vj of the motions of the con- 
tigaous particles ; to find the ratio of their 
velocities. At the point of contact 
draw T T7 of any convenient length 
normal to the two surfaces at that point. 
Throtigh U draw JJ V^ V2 parallel to 
the common tangent plane of those sur- 
fiioes, and cutting the directions of motion 
of the contiguous particles in V^ and Y^ Then velocity of 
partid© 1 : velocity of particle 2 : : T V^ : T V2. 

Section II. — Rules eelating to Mechanism. 

1. B«llfais ©•nimct.— The conditions of rolling contact between 
two pieces in a machine (such as two smooth wheels, or a smooth 
wheel and a sliding bar) are as follows : — If the two pieces turn 
about axes, the two axes and the straight line of contact of the two 
pieces must be in the same plane, and must either be parallel or 
intersect in one point. If one piece turns on an axis, and the 
other slides, the axis and the line of contact must be parallel to each 
other, in one plane perpendicular to the direction of sliding. 

KuLE I. — Two pieces (smooth wheels) are to turn in rolling 
contact with each other about a pair of parallel axes, with a given 
ratio of angular velocities; say that of a : 6. To find the position 
of the line of contact of the pitch-surfaces; let c be the line of 
centres; that is, the perpendicular distance between the axes; then 
the distances of each point of contact are, — 

b c 
From the axis about which the angular velocity is as a; > ; 

From, the axis about which the angular velocity is as 6 ; ., 

In other words, the radii a/re inversely as the angular velocities. 

Rule IL— ^-A rotating piece (such as a smooth wheel) and a 
fdiding piece move in roDing contact. Given, the angular velocity 
of the rolling piece ; to find the linear velocity of the sliding piece ; 
multiply the angular velocity of the rolling piece by the perpen- 
dicular distance from its axis to the line of contact of the 
pitch-surfaces. 

Rule IIL — Given, the ratio of the angular velocities of two 
^cmioal or smooth bevd wheels about their axes (which meet in one 
point); to find the line of contact of the pitck-B^uxl'dJC^^ ^i 'vhi^^^^sf^ 
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Fig. 93. 



wheels. In ^g, 93 let O A, O C be the two axes, intersecting in 
O. Lay off on those axes, O a, O 6, respectively proportional to 

the angular velocities of the 
wheels which are to turn abont 
them. Complete the parallelo- 
gram O b c a; the diagonal 
O c (produced as far as re- 
quired) will be the line of con- 
tact of the two pitch-surfaces; 
and those surfaces will be 
cones made by sweeping that 
line round the two axes respectively. 

2. skew-Berei i¥heeiii.— The pitch-surfaces of skew-bevel wheels 
are hyperboloids, generated by the revolution of the line of 
contact about each of the axes, to which it is neither parallel nor 
intersectiug. 

Rule IV.— The directions and positions of the axes being given, 
and the required angular velocity-ratio, a : 6, it is required to 

find the obliquities of the line of con- 
tact to the two axes, and its least 
perpendicular distances from those 
axes. 

In ^g, 94 let A B, C D be the 
two axes, and G K their common 
perpendicular. 

On any plane normal to the com- 
mon perpendicular draw a 5 || A B, 
c c? II C D, in which take lengths in 
the following proportions : — 

a :h : : hp : h q; 

complete the parallelogram Ji p e q, and draw its diagonal, e h// 
the line of contact, E H F, will be parallel to that diagonal 

From p let fall p m perpendicular to ^ ft Then divide the 
common perpendicular, G K, in the ratio given by the proportional 
equation, 

ITeiTm : nTh : ; GK : GH : K H; 

and the two segments thus found will be the least distances of the' 
line of contact from the axes. 

The first pitch-surface is generated by the rotation of the line 
E H F about the axis A B, with the radius vector G H; the 
second, by the rotation of the same line about the axis C D, with 
i^e radius vector H K, 




Fig. 94. 
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3. frcotli 9€ Whedfc— BuLE Y. — To find the least thickness 
suitable for the teeth of a wheel Divide the pressure to be trans- 
mitted by 1,500 lbs., and extract the square root of the quotient 
for the thickness on the pitch-circle in inehes. 

RuUB "VI. — ^To find the least pitch suited for the teeth of a wheel; 
multiply the least thickness on the pitch-line by 2^. 

RuuE VIL— To find the least breadth suited for the teeth of a 
"wheel; divide the pressure to be transmitted, in lbs., by 160, and 
by the pitch in inches; the quotient will be the required breadth 
in inchea 

RnxB VIIL — To find the proper circumference for a wheel; 
multiply the pitch by the intended number of teeth. 

RuuB IX. — To set out involute teeth. In fig. 95 let Cj, Cg be 
the centres of two circular wheels whose pitch circles are B^, Bg. 
Through the pitch-point, I, draw the intended line of connection^ 
Pj Pg, making the angle C I P = ^ with the line of centres. This 
angle is usually about 75°. From C^, Cg, draw 

0^1 =« TCi • sin i, Cg Pg = I C2 • sin ^, 

perpendicular to P, Pg, with which two perpendiculars as radii, 
describe circles (called base circles), T>-y^ Dg. The proportions of 
the triangles, C^ I P^, Cg I Pg, ""-^ '" 
practice nearly as follows ; — 

65 : 63 : 16 : r I C : C P 



IP. 




Make a circular mould of the figure of one 
of the base circles, D; wrap a cord round 
the edge of it; make fisist one end of the 
cord, and tie a pencil or tracing-point to 
the other end; on unwrapping the cord,. 
the point will trace' the figure of a tooth 
for the wheel to which the base circle 
belongs. 

All involute teeth of the same pitch 
work smoothly together. 

To mark the paik of contact of the teeth ; 

say = ^j pitch j, along 

Pj Pj in either direction from I. Tlie distance of the tip of a tooth 
of either wheel from the centre of that wheel is equal to the dis- 
tance from that centre to the further end of the path of contact. 

The teeth of a ra^ik, to work correctly with wheels having invo- 
lute teeth, should have plane sui-faces perpendicular to the line of 
connection, and consequently making, with the direction of motion 
of the rack, angles equal to the before-mentioned angle 6. 

The smaUesi jwssidie nwniber of involute teeth, m a igv[i\QTL\&^\jka 



Fig. 95. 
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whole number next above 2 «• tan ^. When tan 



16 



that 



number is 25. 

Rule X. — To set out epicyctoidcd teeth. Make two moulds of 
the figure of the pitch-circle of the wheel, one convex, the other 
concave. Make a circular disc called the describing circle, with a 
tracing-point in its circumference; the usual size of the describing 
circle is such that its circumference is six times the pitchy and its 
radius therefore = pitch x 0-955. To trace the^aw^ of the teeth, 
roll the describing circle inside the concave mould; to trace their 
faces, roll it outside the convex mould. 

In fig. 96 let B B be the pitch-circle; C I C, part of a radius of 

the wheel; R, the describing drcle 
when inside the pitch-circle; R', 
the describing circle when outside 
ihe pitch-ciucle. On the circum- 
ferences of the describing circles lay 
off I D = I D' = the pitch; D will 
be the inner end of the flank of a 
tooth, and jy the outer end of the 
face of a tooth. 

All wheels having epi(^cloidal 
teeth set out with the sauae pitch 
and the same describing circle work 
accurately together. 

The smallest practicable pinion 
having epicycloidal teeth is that 
the circumference of whose pii^h- 
circle is twice that of the describing 
circle. According to usual proportions, it has twelve teeth. Theii* 
flanks are i-adial straight lines. 

Rule XL — To set out ap^ 
proosimate epicycloidal teeth; 
let p denote the pitch, n 
the number of teeth in the 
\^he6l 

In fig. 97 let B C be the 
part of the pitch-circle, A the 
point where a tooth is to 
cross it. Set off A B = A C 

s= ^. Draw radii of the pitch-circle, D B, E C. Draw F B, C G, 

niaking angles of 75^° with those radiij in which take 




Fig. 96. 
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Ronnd F, with the ratlius F A, Ji'a^r the cii'cular arc AH; tliig 
will l>e the face of the tooth. Round G, with thc^ radius G Aj 
draw the circular arc G K ; this will be the flank of the tooth* 
(See Willis On Meehanisvi.) 

4. Hcrewft. — RcLE XII. ^ — To find the (tdvance of a screw corre- 
5|iOudmg to a given number of turns; multiply that number by 
tlie pitch (measured pamllel to the axisj between con^sjionding 
jjoiuts on two saccesaive turns of the thread). 

El'le XIII. — Given, tlie pitch of a screw; to find the Miquili/ 
cif the thread to the axis at a given distance from the axis; 
multiply that dit^tance by 6-2832 (yo as to find the cori'^sponding 
circumjerence)^ and divide by the pitch; the quotient will be the 
tongent of the required obliquity. 

Rule XrV, — To find the noTmal pitch of a screw (measured 
perpendicularly to the thi'ead) at a given difltancCj r, from the axis; 
kt p be tlie pitch ; then 

Normal piteh ^ / Zs^:s\* 

RuiiE XY. — 'To make two screws of given numbers of threads 
and given cylindrical pitch - surfaces gear togeiJier; make the 
Domial pitches of the screws proportional to their numbers pt 
threads, and the angle between their axes equal to the sum of the 
obliquities of their threads^ if both are right-handed or both left- 
handed ; or equal to the difierence of those obliquities if one screw 
is rJght-lisiuded and the othei^ left-handed. 
"^ N-B. — The angidar velocities of two gearing screws are inversely 

their numbers of threads. 

5, Pniivjis ana Baniia (whether belts, cords, or chains). — Rule 
XVl^ — ^To find the raiio of ihe speed of turning of two pulleys 
connected by a band. Measure the effective radii of the pulleys 
from the axis of each to the centre line of the baud; then tl^e 
9j;iee(ls of turning will be inversely as the radii 

Rule X VIL — To design a pair of tapering speed-coneSj so that 
the belt may fit et^ually tight in all ptjsitions. 




-%, 98, 




T\^. ^a. 
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Case I. — Belt crossed (fig. 98), Use a pair of equal and similar 
cones tapering opposite ways. 

Case II. — Belt uncrossed (fig. 99 ) Use a pair of eqiuil and 
similar conoids tapering opposite ways, and bulging in the middle 
according to the following formula: — Let c denote the distance 
between the axes of the conoids; r^, the radius at the larger end of 
each; r^, the radius at the smaller end; then the radius in the 
middle, Vq, is found as follows : — 

r - ^1 + ^2 4. (^1 " ^2)^ 
^0 ~ 2 ^ 6 2Sc' 

6. liinkwork. — ^Wheu two pins are connected together by a link 
or connecthigrod, to find their velocity-ratio at any instant, use 
Rule X. of the preceding Section (see page 230), taking the centres 
of the pins as a pair of rigidly-connected points. 

When the points thus connected move in one plane, use Rule 
VIII. of the preceding Section to find the instantaneous aocis o{ ihe 
link; the velocities of the connected points will be proportional to 
their perpendicular distances from that axis. Should the triangle 
formed by the connected points and their instantaneous centre be 
inconveniently large, proceed as follows : — 

Rule XVIII. — Draw any triangle having one side parallel to 
the line of connection or centre-line of the link, and the other two 
sides respectively perpendicular to the directions of motion of the 
connected points; the last two sides will be proportional to the 
velocities of those points. 

Example. — Crank and Piston-Rod, ^In ^g, 100 let R T, be a 

piston-rod; T^ its head; C/Tg, a 
crank; Tg, the crank-pin ; T, Tg, 
the connecting-rod. Through Tj 
draw Tj K perpendicular to R T^, 
and produce C Tg; the intersec- 
tion, K, of those straight lines 
will be the instantaneous centre 
of the connecting-rod; and if v. 
and «?2 he the velocities of T^ and 
Tg respectively, v^ r tyg : : K Tj : 
K Tg: — or otherwise; through C 
draw A perpendicular to R Tj, 
and cutting the line of connection, Tj Tg (produced if necessary) in 
A. Then v^ : 2?2 : : C A : C Tg. 

7. Parallel Jfiotions — RuLE XIX. — Given (in fig. 101), the line 
of motion, G D, of a piston-rod, the middle position of ite head, B, 
and the centre. A, of a lever which, in its middle position, A D, is 

perpendicvlax to I) G; to £iid the radius of the lever, so that the 




Fig. 100. 



PARALLEL HOTIOKS. 



237 



K 



link cQDnectiiig it with B' sliall deviate equally to the two sides of 
G D daring the motion; also^ the length of the link. 

Make I) E = ^ stroke; I 

jmn A E; and peipendicu- 
lar to it, draw E F cutting 
A D produced in F; A F 
will be the required radius. 
Join F B; this wiU be the 
link. 

B.ULE XX. — Given, the 
data and results of Rule 
XIX.; also the point, G, 
where the middle position 
of a second lever coimected 
with the same link cuts 
G D: to find the second 
lever, so that the two ex- 
treme positions of B shall 
lie in the same straight line, 
G B B, with the middle 
position. 

Through G draw a 




jji J' 



Fig. 101. 



T. 



^ 




-^ 



straight line, L G K, perpendicular to G D ; produce F B till it 
cats that line in L ; this point will be one end of the required 
second lever at mid-stroke, and F L will be the entire link. 
Then in D G lay off D H = G B ; join A 11, and produce it 
till it cuts L K G in K ; this will be the centre for the second lever. 

When the two extreme posi- 
tions and the middle position 
of B lie in the straight line 
G D, the whole of its positions 
are near enough to that line 
for practical purposes. 

RlTLE XXI. — ^Given (in ^g, 
102), the main centre, A, the 
middle position of the main 
lever, A F, the piston-rod-head, 
B, and its length of stroke; the 
raidius, A F, of the lever, and 
the main linis, F B, having been 
found by Rule XIX. Let the 
figure represent those parts at 
mid-stroke; and let it be re- 
quired to construct a parallel 
motion consisting of a parallel- 
ogram, E I) F (in which C E= F D is catted lYie paxoM "bwr^ 



Fig. 102. 
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and D E = F C the hack link), and a radius lever, or hridle, H E, 
jointed to the angle E of the parallelogram. 

Draw the straight line A B, cutting the back link D E in G ; 
then by Rule XX. find the lever H E, such that the middle and 
extreme positions of G shall lie in one straight line. 

(The point G shows where a pump-rod may, if convenient, be 
jointed to the back link). 

8. Blocks and Tackle.— RuLE XXII. — The ratio of the velocity 
of the fall of a tackle to the velocity of the moving block is equal 
to the number of plies of rope by which the fixed and moving 
blocks are connected with each other. 

9. Pistoni.— The area of a piston is to be measured on a plane 
perpendicular to its direction of motion. The aVi^oke of a piston 
moving in a straight line may be measured along the line of motion 
of any point in the piston , when it moves in a circle the stroke 
is to be measured on the line described by the centre of the area. 

Rule XXIII. — To find the volume swept by a piston per stroke; 
multiply the stroke by the area. 

Rule XXIV. — Two pistons have an invariable volume of fluid 
between them; to find the ratio of their velocities; take the 
reciprocal of the ratio of their areas. 

Section III. — Rules relating to Work at Uniform and 
Periodical Speed. 

1. Oenerai Principles.— In a machine moving at an uniform 
speed the driving and resisting forces are balanced. If the speed 
is varied, but in such a manner that the variations are periodic, the 
mean driving and resisting forces during one period, or complete 
revolution, are balanced. The energy exerted is equal to the 
whole work performed; in the former case, at all times; in the 
latter, during any whole number of periods or revolutions. As to 
units of work, see page 103. 

2. CompuUEtion of Work Done.— To Compute the quantity of 
work done : — 

Rule I. — When a weight is lifted to a given height : — ^multiply 
the weight by the height. 

Rule II. — When a body shifts through a given distance against 
a given force: — 

Case I. If the force is directly opposed to the motion (being a 
direct resistance), multiply the force by the distance moved; 

Case II. If the force is obliquely opposed to the motion ; either 
resolve the force into a resistance directly opposed to the motion, 
and a lateral force perpendicular to the motion (see page 160, Rule 
VIII.), and multiply the resistance by the distance moved; or 
oihenoise: — ^resolve the motion into a direct component opposed 
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to the entire foitse, and a transnerst component at right atigles to 
it^ and multiply the entire force by the direct component of the 
motion. (In symbols^ let F be the force, 8 the distance moved, 
i the angle of obliquity; then work done = F « cos $), 

BuLE II L — ^When a rotating body turns through a given angle 
against a resisting couple of a given moment (see pp. 104, 161) : — 

Multiply that moment by the extent of turning in eircular 
measure. (See page 102.) 

BuLE IV. — When a piston moves against a pressure of a given 
intensity (see p. 103) : — 

Multiply that intensity by the volume swept by the piston. (See 
page 238, Rule XXIII.) 

Bexabk. — The unit of volume and unit of intensity should be 
adapted to each other, so that the product of their numbers may 
express units of work. For example : — 

Unit of Intensity. Unit of Volume. Unit of Work. 

Lbs. on the square foot. Cubic foot. Foot-pound. 

Lbs. on the square inch. \ ^?^ i •* > do. 

^ ( X 1 in. X 1 m. J 

Lbs. on the circular inch. \ , ^lylinder 1 ft. ) ^j^ 

( long X 1 in. diam. J 
Kilo, on the square mitre. Cubic mdtre. Kilogrammetre. 

3. Conpatatton of Energf, Power, and Efllciency. — (I.) Wlien a 
given weight descends through a given height, ,or (II.) a given 
force drives a body shifting through a given distance, or (III.) a 
rotating body is driven by a couple of a given moment, or (IV.) 
a piston is driven by a pressure of a given intensity, the rules 
are the same as in the preceding Article ; except that for resistance 
is to be put effort, or driving force, and for work done, energy eoce7'ted. 

For stored or potential energy, use the same rules, substituting 
possible for actu&d motions. 

BuLE V. — To find the energy which must be exerted to make 
a machine perform a given motion at an uniform or peiiodical 
speed against given resistances. Find, by the rules of the preced- 
ing article, the quantities of work done during the given motion 
against the resisting forces, and add them together; the sum will be 
the total work done, to which the energy to he eocerted will be equal. 

As to Power, see page 104. 

BuLE VL — ^To find the Efficiency of a machine; distinguish the 
resistanees, and the work done against them, into useful and waste- 
ful; then divide the useful work by the total work; the quotient 
will be the efficiency. 

Bulb VIL — To find the efficiency of a train of machines; mul- 
tiply together the efficiencies of the elementary machines of which 
the train consiBtfiL 
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4. Computation of Driving Force. — Suppose a maclime to be 
driven against given resistances by an effcyrt or driving force applied 
at, and in the direction of motion of, the driving point; and tbat it 
is required to find the effort which will maintain an uniform speed. 

Rule VIII. — Find the energy to be exerted, by Rule V., and 
divide it by the space moved through by the driving point;— or 
oHierwiae: 

Rule VIII. a. — Find, by the principles of mechanism (see Sec- 
tion I. of this part, pages 231 to 238), the ratios of the velocities 
of the several working points, where resistances are overcome, to the 
velocity of the driving point. Multiply each direct resistance by 
the velocity-ratio belonging to its point of application^ and add 
together the products; the sum will be the required effort 

Remarks. — This is called " redticing the resistcmces to the drvoing 
point." Rule VIII. A. may be applied to a machine capable of 
motion, though not actually moving; it is then called the "jwtii- 
ciple ofvirtiml velocities,^* When only one resistance is overooDie^ 
the effort and resistance are to each other inversely as the velo- 
cities of their points of application. 

5, Friction in Machinea.— RuLE IX. — To Calculate the resistance 
of friction to the sliding of two surfaces (when the pressure is not 
so great as to grind the surfaces, or force out the unguent^, mul- 
tiply the amount of the load, or direct pressure between tne sw*- 
faces, by the co-efficient of friction. 

Explanation oftJie Table. — ^, angle of repose; /=tan ^, co-effi- 
cient of friction; 1 :/= cotan (p, reciprocal of that co-efficient. 



Surfaces. 



Wood on wood, dry, 

„ „ soaped, 

Metals on oak, dry, 

» >> w®^ 

„ soapj', 

Metals on elm, dry, 

Hemp on oak, dry, 

„ „ ^ve't, 

Leather on oak, 

Leather on metals, dry, 

,) ,» wet, 

„ „ greasy, 

oily. 

Metals on metals, dry, 

,, ,, wet and clean, 

,, ,, damp and 8lim\',... 

Smooth surfaces, occasionally greased, 

„ „ continually greased, 

„ ,, best results...... 

Bronze on lignum vitse, constantly -wet 



14° to 264° 

114° to 2° 

264° to 31° 

134° to 144° 

114 
114° to 14° 

28° 

184° 
15° to 194° 

294° 

20° 

gjo 

84° to 114° 

i64° 

8° 

4° to 44° 

3° 



f 



\ 



•25 to -5 

•2 to -04 

•5 to -6 

•24 to -26 

•2 
•2 to '25 

•53 
•33 

•27 to -38 

'^\ 

•36 
•23 
•15 

•15 to -2 
•3 

•07 to -08 
•OS 



1:/ 



4t02 

5 to 25 

2 to 1-67 

4-17 to 3-85 

5 

5to4 

1-89 

3 
37 to 2*86 

278 

4-35 

6-67 
6-67 to 5 

3'33 

7-14 
14-3 to 12-5 

20 
^V3 to 27-6 



\ 
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In order that the load may neither grind the surfaces nor forca 
out the unguent of the beariuga of machinery, the pressure h to he 
limited by the following rules ; iu whioh, by area of b^artrig is 
meant the protluct of the length and diamt^ter of a cyliGdriciil 
bearing; although the real area on "which presi^ure acts !» much 
smaller. 

liULE X. — Add 20 to the velocity of aliding in feet \^r minute^ 
aod divide 44,&?00 by the eum ; the quotient will be the greatest 
proper intensiiy of pressure in His. on the aqiiare inch, with the 
fiirther limitation that the intensity is in no case to excseed 1,200 
lbs. on the square iDch. 

XltJLE XI. — To calculate the 7iwnieji& of Jriclion of an axle^ 
multiply the resultant load by the radius of the axle, and by the 
sine of the angle of repose {which is sensibly equal to the eo-eificient 
of friction). 

6, :paiif^ ond sufip. — Let Tj^ be the tension at the tighter side of 
the atrapj and T^ the tensioT> at the aliicker side^ so that T^ — T^j 
is the force to be exerted between the strap and [ml ley; also let c 
he the arc of contojct between the sti^p and pulley^ in fi-actions 
*tf a ciretnnference, and y* the co-efBcient of fiietion. 

Rule XII. — Given, c, /, and the force Tj — Tq; to find th6^ 
teosionSj greatest, least, and mean. Let N be the number corre- 
ispondiug to tiie common Ingariiiim 2 "S/c; then 

T — T N 



~ 2(N- \)^^^ ^*^^' 



K 131 Aim:. — Whether the calculation relates to driving belts or to 
*trap-brakes, the co-efficient, /, should be estimated on the supixjsi- 
tion of the surfaces being oily; say 0*15 for leather on mettil^ atid 
0"OB for metal on metal. 

7. Bi»latt«iiig «f MHcliinery-— In a machine every piece which 
turns on an axis should, as far as i>ossiblc, have ita re-actions 
balanced* 

Rule XITL — In order that there may be no tendency to tshift 
the axis, arrange the weiijhts that turn together about it so that 
their common centre of gravity shall he in the axis. (This 
coimtituteH a *■* standing balance") 

Rule XIV. — In order that there may he no tendency to turn 
the axis into vaiying directions; multiply each of the masses that 
turn together about the axis by its arm or perpendicular distance 
from the axis. Regaixl the products an representitjg forces, each 
pulling the axis towards tJie mass to wliich that \>v^dxiGt \x\sm 

B 




242 MACHINES IN OENEBAL. 

and arrange the masses so that the moments of those forces shall 
balance each other. 

BuLES XIII. and XIY. are thus expressed algebraically. At a 
fixed point in the axis of rotation, let three planes fixed relatively 
to the rotating masses cut each other at right angles; two inter- 
secting each other in the axis, and the third perpendicular to it. 
Let m be any one of the masses which rotate with one angular 
velocity about the axis, and «, y, z, its distances from the first, 
second, and third planes respectively. Then for a standing 
balance, make 

2' mx = Oi'E'mp = 0; 

and for a running balance, make also 

'E ' m z X = 0; 2*mcy = 0. 

8. Work of Variable Force.— HuLE XV. — To find the Work done 
against a varying i-esistance, or the energy exerted by a varying 
eSbrt. Construct a diagram in which intervals of the length, or 
base-line, shall represent distances, and breadths or ordinates shall 
represent forces acting through those distances. The area of the 
diagram (measured by the Rules of pages 64, 65, 66, 67) will 
represent the work done, or the energy exerted. The common 
trapezoidal Rule, D, page 67, is usually accurate enough for this 
purpose. 

Remark. — If intervals of the length be taken to represent 
volumes swept through by a piston, and breadths to represent 
intensities of pressure (as in page 239), the area of the diagram will 
still represent work done or energy exerted. 

Rule XVI. — To find the mean value of the varying force; 
divide the area of the diagram by its length, so as to find its mean 
breadth; this will represent the required mean force. 

9. Resistance on liines of Ijand-Carriage. — RuLE XVII. — To 
find the resistance of a load drawn on a line of conveyance by land ; 
to the co-efficient of resistance on a level {/) add the sine of the 
inclination ( t ) if ascending (or subtract that sine if the inclination 
is descending); multiply the load by the sum (or difference). 

In symbols, let W be the load, R the resistance; then 

R = (/=t:t)W. 

Values op the Co-efficient of Resistance on a Level. 

I. Roads. — Let v be the velocity in feet i)er second; r, the radius 
of the wheels of the carriage in inches; then 

, a + b{v - 3-28) ,^ . , 
/ = ^-- ^ (Monn). 
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a. b. 

For good broken stone roads, \ ^^ .^^\ '025 

•n . (from '27 '068 

ForpaTementa, ^^ .^J .^^ 

Values of^ from experiments by Sir John MacneiU, — 
Sandy and gravelly ground, *14; gravel road, '07 ; 
Broken stone road, from '03 to 02; pavement, -015. 
II. Ecnho(M/8* — Let V be the speed in miles an hour; then 

/= from -0027 to -004 ^1 + j^Y 

On ewrvesi add to the above value of y) 

3.3 

!Por carriages with parallel axles, — ::; — : — -r-—- : 
^ '^ radius m feet 

For carriages with moveable axles, — t-, — : — ^— -. 
^^ radius m feet 

ItuLE XVIII. — To calculate the probable adliedon of a locomotive 
eD|^e j multiply the weight which rests on the driving wheels by 

the 00-efficient of adhesion I = about = j. In symbols, let E be 

the weight of the engine, q the fraction resting on driving wheels ; 

then 

a E 
Adhesion = about ^y 

Obdinabt Values op q and 1- 

Na of Diiying ^ 7 

Wheels. ^ 7' 

Tfc • ( from '^^ '048 

Paasenger engines, 2 j^ .^"^ .^^^ 

(^oodB^f^^f^ 4 1^°^ :jj ;°9.^ 

Do da all 100 -143 

* Proportion of groBS to net load in railway trains ; goods, from I4 to 1 J ; 
nuneralt, from 1} to 2; passengers, about 3. Passengers without luggajire 
weigh on an average about 15 or 16 to the ton; with luggage, about 10 to 
the too. 
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Ordinaby Weights op Locomotive Engines.* 
Weights of Engines vjvbh separate Tenders, — 

(The Tender weighs from 10 to 15 tons.) Tons. 

Narrow gauge passenger locomotives, six- ) tq to 2-? 

wheeled, with one pair of driving wheels, j " 3 

Do. do. do. unusually heavy, 24 to 27 
Broad gauge passenger locomotive, eight- j 

wheeled, with one pair of driving wheels > 35 

8 feet in diameter, j 

Goods locomotive, from four to six wheels, I 27 to -> 

coupled, J 7 3- 

IVeights of Tank Engines^ carrying Fud and Water, — 

Tons. 

For light traffic on branch lines, 12 to 20 

For heavy ti'affic on steep inclined planes, ) . , 

with froin six to twelve wheels, j ^ 

Rule XIX. — To calculate the greatest tractive force (P) of a 
locomotive engine ascending a given gradient. Multiply the 
weight of the engine (E) by the sine of the inclination (i), and 
subtract the product from the adhesion. In symbols, — 

I.(l-i)B. 



-(?-) 



In order that an engine may be able to draw a given load, P must 
be not less than R, (Rule XVI.) That is to say, on the ruling 
gradient, let E be the weight of the heaviest engine, T that of the 
heaviest load drawn behind the engine j then . . 



(I - t) E = (/ + i) T. 



Hence the following rules : — 

E __/+J 
Rule XX.— Given, q, i,f; then T ~ ^ . 

Rule XXL— Given, E, q, T,/; then i = T " ^ 

E + T ' 

• Proper weight of rails, in lbs. to the yard = 15 x greatest load on a 
driving wheel in tons. 

Weight of a chair; common = 1 foot of rail; joint = from 11 to li foot 
of rail 



Rui^ XXII, — To find the total work done hf a looomotive 
engine in a given time; nmltiplj tLe reals ta nee of engine and ti-ain 
as carriagea by the distiinoe run, for the fiei work; then multiply 
bj libout 1^, to allow for r^Istauce of mechanism of engine. In 
^mbolftj let X he the distance mn; then 

Total work ^ 1^ x {/:±z i) (E + T). 



Section IV, — Rules relating to Yaeying Speed, 

1> Clenenl PFfiicti»ln. — An nnbalanced force applied to a, body 
produces change of lAornentum. equal in amount to and coincident 
in direc felon with the ini|)ulse exerted by tlie foi'ce, hnpulse is the 
prcKlnct of the force in absolute units {see page 104} into the time 
during which it nets in seconds. Monienium b the product of the 
mass of a body into its Telocity in units of distance per second. 
The unit of mass is the mass of an unit of w^eight — stich as a pound 
avoirdujioia, or a kilogramme. A body receiving an impulse re-acta 
against the body giving the impulse, with an equal and opposite 
impulse. 

% Aceelcrailon and RefiirdAilou« — KULE I. — To find what impulse 
is required to produce a given change in the velocity of a given 
mass ; multiply the weight of the mass by the change in its velocity, 
in units of distance per second. 

(If the change consists in acceleration, the impulse must be 
forward ; if in retardation, backward.) 

Rule II. — To tind what energy mwst be exerted upon or taken 
away from a given mass to produce a given increase or diminution 
of its velocity; find the impulse required; divide it by the number 
of absolute units of force in the weight of an unit of mass, and 
naultiply the quotient by half the mean velocity during the 
change; — &r otimrisnm: multiply the weight of the mass by the 
change in the value of the hdf-Bqmtre of its velocity^ and divide by 
the immber of absolute units of force in the weight of an unit 
of mass, 

Rebiabk:. — ^ Absolute units of force in the weight of an unit of 
mass; in Etitish Measures (velocities being in feet per second), 
32 "2 nearly; in French Measwrea (velocities being in metres per 
second), 9'80£> nearly, (See page 104.) This constant is denoted 
by ^,* and sometimes called ^^graviiy''' 

* M*>r0 e^ciict formala for g, 

g=g^ (1 — 0-00284 cos 2 X) (l - ^£\, 

in ^hicl) yi = 32 1395 in British Measures, or 9'B05\ m ^\<5ti!^"^'i?i&ajas:^\ 



I 
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EuLE III. — To calculate the {tchiol energy g£ a moving mass; 
multiply its weight by the half -square of its velocity, and divide 

BpLE IV. — To calculate what unbalanced effort, or unbalanced 
resistance, as the case may be, is required to produce a given 
increase or diminution of a body's speed, in a given time, or in a 
given distance. 

Case I. — If the time is given ; multiply the weight of the mass 
by its change of velocity; divide by g, and by the time in seconds. 

Case IL — If the distance is given ; multiply the weight of the 
mass by the change in the half-square of its velocity, aud divide by 
g, and by the distance. 

Rule V. — To find the re-action of an accelerated or retarded 
body; find, by Rule IV., the force required to produce the change 
of velocity ; the re-action will be equal and opposite. 

Remark. — The momentum, energy, and re-action of a body of 
any figure undergoing translation are the same as if its whole 
mass were concentrated at its centre of gravity. 

3. Deriated inotion and Centrifogal Force. — To make a body 
move in a curve, some other body must guide it by exerting on it 
a deviating force directed towards the centre of curvature. The 
revolviug body re-acts on the guidiug body with an equal and 
opposite centrtfugal force. 

Rule VI. — To find the deviating and centrifugal force of a 
given mass revolving with a given velocity in a circle of a given 
radius. Multiply the weight of the mass by the square of its 
linear velocity, and divide by the radius ; — or otherwise : multiply the 
mass by the square of its angular velocity of revolution (see page 
228), and multiply by the radius : — the result will be the value of 
the deviating and centrifugal forces in absolute units, which may 
be converted into units of weight by dividing by g. 

Remark. — The resultant centrifugal force of a rigid body of any 
shape is the same in amount and direction (though not the same 
in distribution) as if the whole mass were collected at its centre of 
gravity. 

Rule VII. — To find the height of a revolving pendulum which 

makes a given number of revolutions per second; divide .^ by 
the square of the number of revolutions per second. (Approximate 
valuesof . 2> heing the height of the pendulum, which makes 



\, latitude of the place ; observing that when 2 X becomes obtuse, the term 
containing it is to be added instead of being subtracted; A, height above the 
level of the sea; and B, tho earth's radius = 20,900,000 feet, or 6,370,000 
metres, nearly. 
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one revolation per second; 0-815 foot = 978 inches = 0*248 
metre nearly.) 

N.B. — ^The height of a revolving pendulum is measured ver- 
ticBlly, from the level of its centre of gravity to the level of the 
point where the line of suspension cuts the axis of revolution. 

4. Bataitag B«diM— Fiy-Wheeis. — As to the fiionient of inertia 
of a body turning about an axis, see pages 154 to 156. 

AULB VIIL — To find the aingvia/r momerdvm of a rotating 
body ; multiply its moment of inertia by its angular velocity in 
circnlar measure. (See page 102.) 

Rule IX. — To find the acbwl ervergy of a rotating body; 
molliply either its angular momentum by half its angular velocity, 
or itB moment of inertia by the half-square of its angular velocity; 
divide the product by g. 

RuLB X. — ^To find the moment of the couple required in order 
^ produoe a given change in the angular velocity of a rotating 
body, in the course of a given time, or of a given angular motion, 
as &e case may be. 

Case L — li the time is given; divide the change of angular 
momentum by g, and by the time in seconds. 

Case IL — If the angular motion is given ; divide the change of 
actual energy by the angular motion in circular measure. 

BuiiB XT. — Given, the alternate excess and deficiency (A E) of 
eneigy exerted as compared with work performed in a machine ; 
to find the moment of inertia of B,fly-w1ied, such that the fluctuation 
of speed (or difference between the greatest and least speed) shall 

not exceed a given fraction of the mean speed (say — j. Let a be 

the mean angular velocity of the fiy- wheel, I its required moment 
of inertia; then 

971^ A E 



I = 



a2 



Ozdinaxy values of m, from 30 to 60 nearly; of m g, in British 
Measores, from about 1,000 to 2,000. 
Table of values of the ratio of the alternate excess and deficiency 

of energy, A E, to the whole work per revolution, J P eZ », in 
steam-engines of various kinds (Moriu). 

!NoN-ExPANSiVB Engines. 

Leng th of connectin g rod _ o z. 

Length of crank i ~ 5 4 

^"E -i- j T da = -105 -iiS -125 132 
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Expansive Condensino Engines. 
Connecting rod = crank x 5. 
Fraction of stroke at) i i i i i i 

which steam is cutoff J 3456 78 

^E-i-jFds = -163 -173 -178 -184 -189 -191 

ExPANsiTE Non-Condensing Engines. 

Steam cut off at 

2345 

^E-T-/Pc?a = -160 -186 '209 '232 

For double cylinder expansive engines, the value of the ratio 
^ E H- / P c? « may be taken as equal to that for single cylinder 

non-expansive engines. 

For tools tvorking at intervals, such as punching, slotting, and 
plate-cutting machines, coining presses, &c., A E is nearly equal to 
the whole work performed at each operation. 

5. PaiHng Bodies.— The following rules apply to a body falling 
without sensible resistance from the air : — 

Rule XII. — To find the velocity acquired at the end of a given 
time; multiply the time by g. (See page 245.) 

Rule XIII. — To find the height of fall in a given time; multiply 

the square of the time by - (7. 

Rule XIV. — To find the height of fall corresponding (or "due") 
to a given velocity ; divide the half-square of the velocity by g. 

Rule XV. — To find the velocity due to a given height; multiply 
the height by 2 g, and extract the square root (or, in British 
Measures, multiply the square root of the height in feet by 8*025 
for the velocity in feet per second ; or, in French Measures, mul- 
tiply the square root of the height in metros by 4*429 for the 
velocity in metres per second). 

Table op Heights due to Velocities. 
Explanation of Symbols, 

V = Velocity in feet per second. 
h = Height in feet == v^ -r- 64*4. 

This table is exact for latitude 54°|, and near enough to exact* 
ness for practical purposes in a\\ iparta oi VJaa ^a.x\»\i% %\ivfaLce* 
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T -01553 

a '06211 

3 '13975 

4 '24845 

5 -38820 

6 "55901 

7 76087 

8 -99379 

9 1-2578 

10 1-5528 

11 18789 

12 2*2360 

13 2*6242 

14 3-0435 

15 3-4938 

16 39752 

17 4-4876 

18 5-03" 

19 5-<5o56 

20 6'2II2 

21 68478 

22 7*5155 

23 8*2143 

24 8-9441 

25 97050 50 38820 100 15.3 

26 io*497 



27 


11*320 


28 


12*174 


29 


^3059 


30 


13-975 


31 


14*922 


32 


15*901 


322 


i6*ioo 


33 


16*910 


34 


^•950 


35 


19*022 


36 


20*124 


37 


21*257 


38 


22*422 


39 


23-618 


40 


24845 


41 


26*102 


42 


27-391 


43 


28-711 


44 


30-062 


45 


31*444 


46 


32857 


47 


34-301 


48 


35776 


49 


37283 


50 


38820 


52 


41-987 



54 


45-280 


56 


48695 


58 


52-235 


60 


55-901 


62 


59-688 


64 


63602 


644 


64-400 


66 


67 640 


68 


71-800 


70 


76-087 


72 


80-496 


74 


85-029 


76 


89-688 


78 


94-472 


80 


99*379 


82 


104*41 


84 


10956 


86 


114-84 


88 


120-25 


90 


12578 


92 


131*43 


94 


137*20 


96 


143-10 


98 


149*13 



6. Bedaccd Inertia. — RuLE XYL — To reduce the inertia or 
mass of a machine to the driving point. Multiply the weight of 
each moying portion of the machine by the square of the ratio of 
its velocity to the velocity of the driving point ; and add together 
the products ; the sum will be the weight of the mass which, if 
ooncentrated at the driving point, would require the same force to 
produce a given change in its speed, in the course of a given time 
or of a given motion, that is required by the actual machine. 



Sectiok V. — Strength of Machinery. 

1. Mwlte. — See pages 226, 227 for the relations between 
greatest twisting moment, greatest working stress, and diameter. 
As to the twisting moment for which provision is to be made, 
regard must be had not merely to the mean momenX tt8Liis\&itt<&d b^ 
the sbaf^ hut to the grecUeat manient. 
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Rule XVII. — Given, the horse-power of the prime mover that 
drives a shaft, and the number of revolutions per minute; to find 
the mean twisting moment: multiply the horse-power by 5250, and 
divide by the turns per minute; the quotient will be the mean 
twisting moment in foot-lbs. ; which, multiplied by 12, will give 
inch-lbs. 

Rule XVIIL — In a shaft driven by steam-power, given, the 
mean twisting moment ; to find the greatest tvnsting moment; 

If the shaft is driven by a single engine, multiply by i -6 

If by a pair of engines, with cranks at right angles, 
multiply by i-i 

If by three engines, with cranks at angles of J 

revolution, multiply by 1-05 

2. Rods. — Piston-rods are to be treated as struts fixed at one 
end and jointed at the other. (See page 210, Rule XXIV.) 
ConrtAding-rods are to be treated as struts jointed at both ends. 
(See page 209, Rule XXIII.) 

3. Arm« nnd Teeth of Wheel*. — RuLE XIX. — To find the 

greatest bending moment on an a/rm of a wlied; divide the greatest 
twisting moment on the shaft by twice the number of arms. 

Rule XX. — To find the greatest pressure exerted on a tooth of 
a wheel ; divide the greatest twisting moment on the shaft by the 
l)erpendicular distance from the axis of the shaft to the line of 
action of the teeth. 

As to the thickness of teeth, see page 233, 



Section VI. — Muscular Power. 

1. Oenerai Principietk — Let P be the effort exerted by an 
animal in performing work, V the velocity of the point at which 
the effort is applied, and T the time for which the effort P is 
exerted at the velocity V during a day's work; so that P V T is 
equal, or proportional, to the work done per day. Let Pj, Vj, T,, 
be the values of P, V, and T, corresponding to the greatest day s 
work of the animal, P^ V^ T^. Then for values of P, V, and T, 
not greatly deviating from Pj, V^, and T^, we liave 

P V T _ 
Pi ■*" Vi ■*" Ti-"^^ 

so that when any five of those quantities are given, the sixth may 
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Good average ) 

draught horse, j ^^° 
High-bred horse, 64 

Ox, 120 

Mule, 60 

30 



Approximate Valoes of 
Pl Vi T, 

Lb& Ft per sec. Miles per hoar. Seconds. Honrai 



3-6 


2^ nearly. 28,800 


8 


7-2 
2 '4 
3.6 
3.6 


5 yy 28,800 

1-6 „ 28,800 

2^ „ 28,800 

H „ 28,800 


8 
8 
8 
8 



2. TabiM mi PerfomaBce of Hones. — Explanation of Table I. : — 
P, effort in lbs.; V, velocity, feet per second ; T, hours' work per 
day; PV, work per second, in foot-lbs.; 3, GOO P V T, work per 
day, in foot-lbs. 

I. — Work op a Horse against a known Resistance. 



Kind of Exertion. 



V 


T 


PV 


I4§ 


4 


447i 


3-6 


8 


432 


3-0 


8 


300 


65 


44 


429 



3,600 PVT 



1. Cantering and trotting, 
drawing a lisht rau- 
-way carriage (worough- 
hred), 

2L Horse drawing cart or 
boat, walking (draught 
horse), 

3. Horse driving a gin or 

mill, walking, 

4. Ditto, trotting, 



min. 224 
mean 304 
max. 50 



120 

100 
66 



6.444,000 



12,441,600 

8,640,000 
6,949,800 



Explanation of Table II. : — L, net load drawn or carried liori- 
zontally, in lbs.; V, velocity, feet per second; T, hours' work per 
day; L V", lbs. conveyed horizontally one foot per second; 3,000 
L V T, lbs. conveyed horizontally one foot i)er day. 

IT. — Performance of a Horse in Transporting Loads 
Horizontally. 



Kind of Exertion. 



aWalkiiijg with cart» al- 
ways loaded, 

6. Trotting ditto, 

7. Walking with cart, go- 

ing loaded, retummg 
empty; V = i, mean 
veloci^, 

8. Canying burden, walk- 

ipgi —■"«;;; 

9l Ditto, trottingy..'*'*' / 



1,500 
750 



1,500 

270 
180 



3-6 
7-2 



3-6 
72 



10 

44 



10 

7 



LV 



5,400 
5,400 



3,000 



3,C00LVT 



194,400,000 
87,480,000 



I 
108,000,000 I 

34,992,000 
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3. Tables of Work of ]fieB.~Explaiiation of Table I. : — P, effort, 
lbs.; V, velocity, feet per second; T, houi-s' work per day; P V, 
work, foot-lbs. per second; 3,600 P V T, work, foot-lbs. per day. 



I. — Work op a Man against Known Resistances. 



Kind of Exertion. 


P 


V 


T 


PV 


a,600PVT 


1. Raising his own weight up 
stair or ladder 


143 

40 
44 

143 
6 

132 

26-5 

]i8o 
(20-0 

13-2 

15 


0-5 

075 
0-55 

0-13 

1*3 

0-075 

2-0 
50 

2-5 

14-4 
2*5 

? 


8 

6 
6 

6 

10 

10 

8 

8 
2niins. 
10 
8? 


72-5 

30 
242 

i8-5 

7-8 

9*9 
62-5 

¥ 


2,088,000 

648,000 
522,720 

399,600 

280,800 

356,400 

1,526,400 

1,296,000 

1,188,000 
480,000 


2. Hauling up weights with 
rope, and lowering the 
rope unloaded, 


4. Carrying weights up stairs, 

and returning unloaded, . . . 

5. Shovelling up earth to a 

heisrht of 5 ft. 3 in. 


6. Wheeling earth in barrow up 
slope of 1 in 12, 4 horiz. 
veloc. 0-9 ft. per sec., and 
retuminor iinloaded. 


7. Pushing or pulling horizon- 
tally (capstan or oar), 

8. Turning a crank or winch,... 

9. W^nrlriTJcr 1111111 n 


10. Hammerin&r 





Explanation of Table II. : — L, load conveyed horizontally, lbs. ; 
V, velocity, feet per second; T, hours' work per day; L V, lbs. 
conveyed horizontally one foot in a second ; 3,600 L V T, lbs. con- 
veyed horizontally one foot in a day. 

II. — Performance of a Man in Transporting Loads 
Horizontally. 



Kind of Exertion. 

11. Walking unloaded, transport 

of own weight, 

12. Wheeling load in 2-wheeled 

barrow: returning unloaded, 

13. Ditto in 1-wh. barrow, ditto, 

14. Travelling with burden, 

15. Carrying burden, returning 

unloaded, 

16. Carrying burden for 30 se- 

conds only, 



LV 



3,600LVT 



140 

224 

132 

90 

140 

I"! 



H 

It 

o 

117 

231 



10 
10 

7 



700 

373 
220 
225 

223 
o 
1474-5 
o 



25.200,000 

13,428,000 
7,920,000 

5,670,000 
5,032,800 
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ITT. — ^Dat'b Work op a Man required for various 
Operations. 

Shoyelling eariH, one cubic yard, thrown not 

more tluBui 5 feet vertically up; if dry, from -05 to '0625 

Ditto, wet mud, „ '06 to 'oS 

Excavating earth with the pick, one cubic 

yard, „ '025 to 2 

Wheeling one cubic yard of earth in barrows 
from 100 to 120 feet horizontally; if up a 
slope at the same time, deduct 6 feet from 
horizontal distance for each foot of total 
rise, „ '05 to 0625 

Spreading and ramming earth in layers from 9 
to 18 inches deep, one cubic yard, „ '06 to '07 

Dressing slopes of cuttings, one square yard, .. . . about '008 

Soiling slopes, 6 inches thick, one square yard, „ '008 

Making clay puddle, one cubic yard, „ *3 

Spreading do., do., „ '3 

Quanying rock of moderate hardness with 

wedges, average „ '4 

Quarrying rock of moderate hardness by blast- 
ing*. average „ 45 

Jumping holes in rock, 100 cylindrical inches, 

granite, from 1*0 to '5 

Do. do. do., limestone, „ -2 to '15 

Driving mines in rock; dimensions from 3^ feet 
X 3^ feet to 3^ feet x 5 feet; one foot for- 
ward, „ 2'0 to 5'0 

Quanying rock in tunnels, one cubic yard, „ '75 to 3 o 

Making one thousand bricks, -j ^y^/tJ^^' ^ js^ 

Mixing mortar by hand, one cubic yard, 75 

Mixing concrete, wheeling and laying, one 

cubic yard, '3 

Loading barrows with stone, one cubic yard,... *o6 

Wheeling one cubic yard of stone 100 feet 
horizontally; if on an ascent, allow 6 feet 
of distance for each foot of rise, '045 

Unloading barrows of stone, one cubic yard,. ... -03 

* Weight of rock loosened -r- weight of powder exploded = in small blasts 
from 7,000 to 14,000; average 10,000 : in great blasts from 4,600 to 13,000 ; 
average between 6,000 and 7,000. One lb. of blasting powder fills about 
30 dubic inches = 38 cylindrical inches. If gun-cotton be used instead 
of powder, i^ow Gne-axtih of the weight and one-ha\{ oit^e «s^«a&. 



DatOng 

StoDA. 


Baflding. 


Labonrers* 
^ork. 


— 


I'OO 


•50 


— 


•90 


•90 


1-5 


•90 


•90 


2 25 


•90 


•90 


250 


T-OO 


I'OO 


600 


2-00 


2-00 
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Stone Mmoiut; Breaking 

one cubic yard. Stone. 

Dry stone, '64 

Coursed rubble, '64. 

Block-in>course, '90 

Do. arching,.. » '90 

Ashlar (soft ( from i 'So 

sandstone),.... (to... 2*50 

Breaking and stone cutting for harder stones; 
hard sandstone = soft sandstone x 2. 
hard limestone, marble, granite = soft sandstone x from 3 to 4. 

Facing ashlar (soft sandstone), per square foot — 
stroked, '05; droved, '07 j polished, •!. 

Curved facing = flat x ( 1 + — — — |— — - j. 
\ radius in feet/ 

Taking down old masonry, one cubic yard, from '5 to '6. 

Bricklayer. Labourer. 3^«^ 

Brickwork, ordinary, one cubic yard, '6 '6 '2 

! various; 
depending 
on centering. 
„ in tunnels, about double of similar brickwork above 

ground. 

Bricklayer. Labourer. 

Laying and jointing drain pipes, one lineal 

foot, per inch diameter, '0025 '0025 

Sinking cylinders for foundations under water with compressed air ; 
per cubic yard of earth removed, '67 

Sawing timber, one square foot; 

Pine and fir, from "0045 to '005 

Ash, elm, beech, mahogany, „ *oo65 to '007 

Oak, „ '0075 to '009 

Teak, 'oi 

Shaping timber; pine- woods; one cubic 

foot,.... from "04 to '135 

Planing pine woods, per square foot, '013 

Boring hole | diameter, one lineal foot, in 

pine-woods, '02 

Do. do., in hard leaf- woods, '03 

* Supply of air should be at the rate of 30 cubic feet per man per minute. 
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Carpenter. Labourer. 

Erecting centres for arcbes; per 100 f from 1*55 75 

square feet area of soffit, (to... 170 -80 

Men*B time. Boys' tlma 

Bivettdnc iron ships: from 100 to 140 ) r 

jiy^^^ _' I 30 from 10 to 20 

Making plank roads; breadth planked,) 

8 feet; total breadth, 16 feet; 1 lineal } 1 o 

foot, I 
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PART VIIL 

HYDRAULICS. 

Section I. — Rules eelating to the Flow op Water. 

1. Head of Water.— RuLE I. — To find the head of a particle of 
water; add together the head of elevation, or height of the particle 
above some fixed or "datum" level, and the liead of pressure, or 
intensity of the pressure exerted by the particle expressed as the 
height of an equivalent column of water. (See pages 103, 115.) 

In stating the pressure, it is usual not to include the atmospheric 
pressure ; so that the absolute pressure exceeds the pressure stated 
in the common way by one atmosphere. When the absolute 
pressure is equal to the atmospheric pressure, the pressure stated 
in the common way is = ; when the absolute pressure falls short 
of the atmospheric pressure, their difierence is called vacuum. 

The atmospheric pressure, at the level of the sea, varies from 
about 32 to 35 feet of water, and diminishes nearly at the rate of 
1- 100th part of itself for each 262 feet of elevation. 

In the rest of this Section, heads in feet of water will be denoted 
by A. 

2. Tolnme and Teloclt7 of Flow. — RuLE II. — To find the VoluMG 

of flow of a stream; multiply the mean velocity by the sectional 
area. 

Rule III. — To find the mean velocity of flow of a stream; 
divide the volume of flow by the sectional area. 

Rule IV. — In a stream like a river channel the ratio of the 
mean velocity to the greatest velocity (which occurs at the middle 
of the stream) is nearly = 

greatest velocity + 7*71 feet per second 
greatest velocity + 10*2tJ feet per second* 

The least velocity, being that of the particles in contact with the 
bed, is nearly as much less than the mean velocity as the greatest 
velocity is greater than the mean. In ordinary currents the least, 
mean, and greatest velocities are nearly as 3 : 4 : 5; in very slow 
currents, as 2 : 3 : 4. 

In what follows, volume of flow in cubic feet per second will be 
denoted by Q; the m^ean velocity of a stream in Jeet per second 
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hy v; and the McUonal area in square feet by A; so tliat Q = 
V A, 

3. BcliUiMi Wtweoi Head aad Telocity.— RuLE Y. — Theoretical 

hiady hy due to a given Telocity, i; j 

* = ^=6?i- (S«« Table, page 249.) 
HuLE YL — Theordical velocity, v, due to a given head, A; 
t; = 8-025 ^/X 

BuLE Vll. — To find the has of head, A, due to a given gam 
qf vdodty in a stream; let the velocity of aqyproach (or original 
velocity, at the point where the greater h^ is) be the fraction, n, 
of the vdodty ofdiachayrge; let v be the velocity of discharge; and 
let F be t^fictor of resistance (as to which, see next Article); then 

Bulb Vlll. — ^To find the velocity of discharge due to a given 
Ion of head; 



. = 8025^(^— ^-_,). 



Bemabx. — n is the ratio of the sectional area of the channel of 
discharge to that of the channel of approach. When those areas 
are equal, as in an tmiform cJuirmel or an uniform pipe, 1 — n^ = 0; 
and then the formulae become 



^-U-.'-'o^Vi 



4 Fkcton wf RcsirtaBce.— Yalues of F in Rules YII. and YIII. 
(1.) Friction of cm or'^ce in a thin plate — 

F = 0-054. 

(2.) Friction of mouthpieces, or entrances from reservoirs into 
pipes. — Straight cylindrical mouthpiece, perpendicular to side of 
reservoir — 

F = 0-505. 

The same mouthpiece making the angle ^ with a perpendicular 
to the side of the reservoir — 

F = 0-505 + 0-303 sin $ + 0-226 sin2 $. 

For a mouthpiece of the form of the "contrac\<ed 'vevn?' — -^jQaJ^K^s 

s 
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one somewhat bell-shaped — and so proportioned that if rf te its 
diameter on leaving the reservoir, then at a distance d -i- i from 
the side of the reservoir it contracts to the diameter -7854 c?,— the 
resistance is insensible, and F nearly = 0. 

(3.) Friction at svdden enZargementa. — Let Aj be the sectional 
area of a channel, in which a sluice, or slide valve, or some such 
object, produces a sudden contraction to the smaller area a, followed 
by a sudden enlargement to the area Ag. Let v in the formulae of 
Rules VII. and VIII. stand for the velocity in the second enlarged 
part of the channel, so that Q = A^ v. Let 



Ao 

n = 

Then 



„ = t^y' (2-618 -1.618 



F = (7i - 1)2. 



(4.) Friction in pipes and conduits. — Let A be the sectional area 
of a channel ; b, its border — that is, the length of that part of its 
girth which is in contact with the water; I, the length of the 
channel, so that ^ 6 is the frictional surface ; and for brevit/a sake 
let A -^ b = m; then, for the friction between the water and the 
sides of the channel, 

A m 
iu which the co-efficient / has the following values : — 

0-0043 



For iron pipes (not pitch-lined) *.../= 0*0036 -^• 



For open conduits, /= 0-00741 + 



0-000227 



The quantity m = A -^ b is called the "hydraulic mean depth'* 
of channel, and for cylindrical and square pipes running full is one- 
fourth of the diameter. 

Rule IX. — To find the declivity (%) in an uniform channel of a 
given hydraulic mean depth (m)> 

i = ^* = /- ^. 

I m 2 g 

In an open channel this is an actual slope of the surface of the 
water. In a close pipe it may be a virtual declivity, due wholly or 
partly to diminution of pressure. 

* In iron pipes lined with smooth, pvtoh the co-efficient of friction is about 
one-sixth part less than in \m\med "pV^^a. 



LOSS OF HEAD — CONTBACHON OF STREAM. 259 

(5.) For bends in circular pipes, let d be the diameter of the 
pipe; f, the radius of curvature of its centre line at the bend; e, the 
ai^gle through which it is bent; 7, two right angles; then 

(6.) For bends in rectcmgular pipes, 

(7.) For knees, or sharp turns in pipes, let e be the angle made 
by the two portions of the pipe at the knee; then 

F = 0-94C 8in2 I + 205 sin* {. 

Rule X. Summary of losses of head. — When several successive 
causes of resistance occur in the course of one stream, the losses of 
head arising from them are to be added together; and this process 
may be extended to cases in which the velocity varies in different 
parts of the channel, in the following manner : — 

Let the final velocity, at the cross-section where the loss of head 
is required, be denoted by v, 

Let the ratios borne to that velocity by the velocities in 
other parts of the channel be known; Wq v being the "velocity of 
approach," n^ v the velocity in the first division of the channel, 
»?2 V in the second, and so on ; and let Fj bo the sum of all the 
factors of resistance for the first division, Fg for the second, and so 
on ; then the loss of head will be 

h = gj^ (1 - 715 + F,nl + F^nl^ &c.) 

5. Conffmction of Stream — Co-cfllcleiitfi of Diachorgc. — KuLE XI. — 
To find the effective area of an outlet ; multiply the total area by a 
fraction called the co-efficient of contraction. 

For uniform streams there is no contraction, and the co-efficient 
isL 

Remark. — Sometimes it is impossible to distinguish between 
the effect of friction in diminishing the velocity (ex])ressed by 
1 -;- V 1 + F), and that of contraction in diminishing the area of 
the stream. In such cases the ratio in which the actual discharge 
is less than the product of the theoretical velocity and the total 
area of the orifice is called the co-efficient of efflux or of discharge. 

The quantities given in the following statements and tables are 
some of them real co-eificien ts of contraction^ anclL ^oKie Q^^^^\^£v>^sl» 



260 



HTDRAULICS. 



of discharge. In hydraulic formulae such co-efficients are usually 
denoted by the symbol c. 

(1.^ Sharp-edged circtdar orifices in flat plates; c — "CIS. 

(2.) Slia/rp-edged rectanguktr orifices in vertical flat plates, — In 
this case the co-efficient is intended to be used in the following 
formula for the discharge in cubic feet per second, A being the 
area of the orifice in square feet ; and h the head, measured from 
the centre of the orifice to the level of still water, 

Q = 8-025 c A n/X 
Co-efficients of Dischaboe fob Eectangulab Orifices. 



Head. 




Height of Oriflce -f- 


Breadth. 






^ 


I 


05 


0-25 


0-15 


c-i 


0-05 


Breadth. 














O-05 


••• 


..• 


• *• 


... 


... 


.709 


CIO 


... 


... 


... 


• •* 


•660 


•698 


0-I5 


... 


• .• 


... 


•638 


•660 


•691 


0-20 


... 


... 


•6X2 


•640 


•659 


•685 


025 


... 


... 


•617 


•640 


•659 


•682 


0-30 


... 


•590 


•622 


•640 


•658 


•678 


0-40 


... 


•600 


•626 


•639 


•657 


•671 


050 


... 


•605 


•628 


•638 


•655 


•667 


o'6o 


•572 


•609 


•630 


•637 


•654 


-664 


075 


•585 


•611 


•631 


•635 


•653 


•660 


I -GO 


•592 


•613 


•634 


•634 


•650 


•655 


1-50 


•598 


•616 


•632 


•632 


•645 


•650 


2-00 


•600 


•617 


•631 


•631 


•642 


•647 


250 


-602 


•617 


•631 


•630 


•640 


•643 


350 


•604 


'616 


•629 


•629 


•637 


•638 


4-00 


•605 


•615 


•627 


•627 


•632 


•627 


600 


•604 


•613 


•623 


•623 


-625 


•62X 


8-00 


•602 


-611 


•619 


•619 


•6x8 


'616 


10 -00 


•601 


•607 


•613 


•613 


•613 


•613 


15-00 


•601 


•603 


•606 


-607 


-608 


•609 



(3.) Sharp-edged rectangular notches in flat vertical weir hoards, 
— ^The area of the orifice is measured up to the level of stiU water 
in the pond behind the weir. 

Let h = breadth of the notch ; 

B = total breadth of the weir; then 



c = -57 + 
provided b ia not less than B 4. 4. 



10 B' 
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^4.) Shairp-^dged triangulcvr or Y-shaped notches in Jlal vertical 
foeur hoards (from experiments by Professor James Thomson). — 
Azea measnred up to the level of still water. 

Breadth of notch = depth X 2; c = -595; 
Breadth of notch = depth X 4 ; c = 620. 

(5.) PafrtiaUy-contra^cled sha/rp-edged orifice, — (That is to say, an 
orifioe towards part of the edge of which the water is guided in a 
direct course, owing to the border of the channel of approach partly 
coinciding with the edge of the orifice.) 

Lot e be the ordinary co-efficient; 

«, the fraction of the edge of the orifice which coincides with 

the border of the <3iannel; 
^^ the modified co-efficient; then 

c' = c + -09 w. 

(6.) FUa or round-topped weir, area measured up to the level of 
■till 



e = *5 nearly. 

(7.) Sluice in a rectangular channd — 

vertical ; c = '07 ; 

Inclined backwards to the horizon at 60°; e = 0*74; 
„ „ „ at 45°; c = 0-8. 

(8.) Incomplete contraction, — Let A be the area of a pipe partially 
dosed by a partition, having in it an orifice of the total area a 
and effective area c a ; then 

•618 



y^(i-.6i8|:) 



6. l>iflch«r«e ft«Ht MnicM and Noichetk — ^Let b be the breadth of 
the orifice; A^, the depth of its upper edge, and h^y that of its lower 
edge, below the level of still water in the pond ; c, the co-efficient 
of contraction (see last Article) ; Q, the discharge in cubic feet per 
second. 

B(JLE XIL — Rectangular orifice — 

Q = 8025 cx^b (hi — Ao*) = 535 c b (h^^ — hA. 

BuLE XIII. — Rectangular notch, with a still pond; Aq = 0; h^ 
measured from the lower edge of the noteh to the level of still 
water. 

Q = 8025 e X ^bh* = 535 cbh^ = ^3 05 + -535 ^ b Aj*. 
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Table op Values op c and 5 35 c, 

I'D 09 08 07 06 o*5 o*4 o*3 025 

c, '6*j '66 '65 -64 '63 '62 '61 '60 '595 

5*35^, 358 3*53 3'4« 3*42 337 3*32 326 3-21 318 

The cube of the sqrw/re root of the head, hj^, is easily computed as 
follows, by the aid of an ordinary table of squares and cubes : look 
in the column of squares for the nearest square to h^ ; then op- 
posite, in the column of cubes, will be an approximate value 
ofh^i 

Rule XIV. — Rectangula/r notch, with current a/pproaching it. — 
"When still water cannot be found, to measure the head h^ up to, 
let Vq denote the velocity of the current at the point up to which 
the head is measured, or velocity of approach : compute the height 
due to that velocity as follows: — 

Ao = vj -1- 64-4; 
then, 

Q = 5-35 cb{{li^ + ^o)* — V'}" 

Rule XV. — Triangular or Y-sha/ped notch, with a atiU pond; h^ 
measured from the apex of the triangle to the level of still water. 

Let a denote the ratio of the half-breadth of the notch at any 
given level to the height above the apex, so that, for example, at 
the level of still water, the whole breadth of the notch is 2 a A^ ; 

Q = 8025 c X ^ a V = 4-28 c a h^i; 

and adopting the values of c already given, we have, 

for a = 1, Q = 2-54 h^^; for a = 2, Q = 53 h^i. 

For squares and fifth powers, see page 32. 

Rule XVI. — Drowned orifices are those which are below the 
level of the water in the space into which the water flows as well 
as in that from which it flows. In such cases the difference of 
the levels of still water in those two spaces is the head to be used 
in computing the flow. 

Rule XVII. — Drovmed rectangular notch. — Let h^ and h^, be 
the heights of the still water above the lower edge of the notch at 
the up-stream and down-stream sides of the notch-board respec- 
tively; 

Q = 5 35 cb (h^ + ^2) ^ {h^ — h^. 
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RuLB XVIIL — For tpeirs with broad flat crests^ drowned or iin- 
drowned, the formulsB are the same as for rectangular notches, 
except that the co-efficient c is about '5. 

RuLB 'X.TK..'^— Computation of the dimensions of orifices. — Most 
of the preceding forinulse can be used in an inverse form, in order 
to find the dimensions of orifices that are required to discharge 
given volumes of water per second. 

For example, if Rule XII. is applicable, the breadth of the 
oiifioe is given as follows : — 

5 = Q - 5-35 c (h^i — Ao^).- 

If Rule XIII. is applicable, the depth of the bottom of the 
notch below still water is given by the equation, 

^= {q^5'3ocb}l 

If Rule XV. is applicable, 

7*1= {Q -f- 4-28ca}i 

7. l^iMiMuve of Watrr-Pipes.— Rule XX. — To find the loss of 
head, A, in a length, I, of a pipe of the uniform diameter, d (all 
dimensions in feet); 

Rule XXL — To compfite tJie discharge of a given 2npe; the data 
being A, I, and d, all in feet. 

Assume an approximate value for 4 /. The value commonly 
assumed in the first instance is •0258. This gives, as a Jirat 
approximation to the velocity. 



= 8-025 A / J^SL = 50 A A 
V -0258 Z V 



d 

r 



or, a mean proportional between the diameter aiid live loss of head in 
2,500 fea of length. With this velocity calculate a new value of 
4^ "which is to be used in computing a second approximation to the 
velocity, by means of the formula, 

«? = 8-025 \/ ^'--'y 
V 4/r 

and this is in almost every case near enough to the truth for 
practical purposes. Then the discharge is given by the formula, 

Q = -7854 t; d?. 
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Rule XXlL^Tofind (in feet) the diameter d of a pipe, so that it 
shall deliver Q cubic feet of vxUer per second, tmth a loss of head at 
the rate of h feet in each length of \ feet. 

Compute a first approximation to the diameter by the following 
formula : — 

.. = 0.3 ('«•)', 

also a, first approximation to the velocity by the formula, 

1/ == Q - -7854 d\ 

Yvom these data, by means of Eule XX., compute an approxi- 
mate loss of head, K. If this agrees exactly or very nearly with the 
given loss of head, h, the first approximation to the diameter is 
sufficient ; if not, a corrected diameter is to be found by the follow- 
ing formula : — 

In the preceding formula the pipe is supposed to be free from 
all curves and bends so sharp as to produce appreciable resistance. 
Should such obstructions occur in its course, they may be allowed 
for in the following manner : — Having first computed the diameter 
of the pipe as for a straight course, calculate the additional loss of 
head due to curves by the proper formula (Article 4, page 259); 
let A" denote that additional loss of head; then make a further cor- 
rection of the diameter of the pipe, by increasing it in the ratio of 

1 + i- • 1 

By a similar process an allowance may be made for the loss of 
head on first entering the pipe from the resei-voir, viz. : — 

(1 + ¥)v^ -T- 64*4; F being the factor of friction of the mouthpiece. 

The preceding rules ai-e for clean iron pipes. In pipes coated 
with smooth pitch the friction is about one-siocth part less. To 
allow for incrustation, add one inch to the diameter of all pipes. 

8. Dincharge and Dimensions of Chaiinels. — KULE XXIII. — To 
find the declivity, i, of the upper suiface of the water in a channel 
of the hydi*aulic mean depth ?»; 

» = r = ^ •«?4= (00741 4-:^^^) •,-^. 

I m 04-4 \ V J 64*4 m 

Rule XXIV. — To compute the discha/rge of a given stream, the 
data being i, m, and the sectional area A. Assume an approximate 
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ifahte for tlie co-efficient of friction , aiich m f* =^ *007565 ; then 
i^^TjU a^^oximaiion to the velocity ia 



v' = 8-035 



V 



im 



007565 



= J8512»m= 92r2G7i, 



or, a mean proportional between the hydraulic mean depth aitd tli6 
fidl in 8,512 feei, A first approxinmtion to the dlsdtarge ia 
Q* = i/A. 

These fii'st approximationa are in many cases sufficiently accurate. 
To obtain second approximations, compnte a corrected value of ^ 
according to the expitjsaion in brackets in Rule XXIII* should 
it agree nearly or exactly with /', tlio firat assumed ^^alue, it is 
unnecessary to proceed further; should it not so agree, correct the 
values of the VLilocity and discharge by multiplying each of them 
3 f 

Rule XXV*— J't* ddemdne the diTnsnsions of an uniform cliannd ' 
which ^hall dischnrge Q (mhicf&et of water per second with the decHviti/ 
L Assume a figure for the intended channel, sii that the propor- 
ti&ns of all its dimensions to each other, and to the hydruulic mean 
depth ntj may be fixed. This will fix also the proportion A ~ m^ 
of the sectional area to tlie stjuare of the hydraulic mean depth, 
which will be known although those areas are still unknown; let 
it be denoted by n. 

Compute firM approximations to the hydraulic mean depth and 
velocitj as follows : — 



m 



\S,5l2n^i/ 1 n 



m 



'2' 



from these data, by means of Rule XXIII., compute an approxi- 
fttaie declimtyy i'. If tliis agrees exactly or very nearly with the 
given declivity, ^, the fit's t approximation to the hydraulic mean i 
depth ia sufficient; if not, a corrected hydra'idic mtan depth is to bo 1 
found by the following formula : — 



m = m' [^ + ;^.). 
\o 5 1/ 



From the hydraulic mean depth all the dimensions of the channel 
ire to be deduced, according to the iiguro assumed for it^ 

0, Bwi^li nnd Bnckwatf^r Pradnccil hf vt. Wtslr*- — When a weir Or 
dam is erected aci'oss a river, to calculate the height, Aj, in feet, at 
which the water in the pond, dose behind the weir, will stand 
ubove its crest ; Q l)oing the discharge in cubic feet per second, and 
6 the breadth of the weir in feet; 
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BuLE XXVI. — Weir not droiomd, with a flat or slightly rounded 
crest — 



fh={ti^K^^^^7- 



Rule XXVII. — Wdr drowned. — Let h^ be the height of the 
water iii front of the weir above its crest. 

First approximation; h\ = Ag + (7"a2)^' 

Second approximation; h!\ = h\ — Ag f 1 — 7 . ,-7- ^ 7 )• 

Rule XXVIII. — In a channel of uniform breadth and de- 
clivity — 

Let i denote the rate of inclination of the bottom of the stream, 
which is also the rate of inclination of its surface before being 
altered by the weir. 

Let \ be the natural depth of the stream, before the erection of 
the weir. 

Let ^^ be the depth as altered, close behind the weir. 

Let ^2 be any other depth in the ba^ckwcUer, or altered part of the 
stream. 

It is required to find x, the distance from the weir in a direction 
up the stream at which the altered depth ^2 wlQ be found. 

Denote the ratio in which the depth is altered at any point by 
J-f- ^Q=i r; and let ^ denote the following function of that ratio: — 

^ = /;5^ = ^ypiog. { 1 + j^:^] 

1 ^ 2r+ 1111, 

^-^^arc. tan. -^ = ^+g^+g^, nearly. 

Compute the values, ^^ and ^g? of tl^is function, corresponding ta 
the ratios rj^ = \-^ \ and 7*2 = ^3 ^ V Then 

'-h+ (1_ 264) -(^-^2)20. 
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I 

The following table gives some values of ^ : — 
r (p 

I'O 00 

II 680 

1*2 -480 

1*3 -376 

M -304 

15 -255 

1-6 -218 

^7 -1^9 



r (p 

18 -166 

19 147 

2-0 -132 

2*2 '107 

24 '089 

2-6 '076 

2-8 -065 

^•Q -056 
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10. Tlai« 9f MwKftjim^ a lUweiToir. — EULE XXIX. — Let Q bc 
the rate of discharge at the outlet, supposing the reservoir kept 
constautly full, W, the whole volume of water in it Then 

Timo in Seconds - 

2 W 
For a vertical-sided reservoir of uniform depth, — ^y- 

For a wedge-shaped reservoir (tiiangular vertical ) 4 W 
sectioiis j maximtim depth of the sections uniform), J 3 q 

For a pyramidal reservoir (base at the surface, ai>ex ) 6 W 
at the outlet), j 5~q 

Rui«E XXX. — To find the time required to eqimlize tlie water- 
l€vd in two adjoining basins with vei'tical sides; calculate the time 
required to empty a vertical-sided reservoir containing a volume of 
water equal to the volume transferred, and of a depth equal to the 
greatest difference of water-level between the btisins. 

11. CaMade from a Welr-€rest.— EuLE XXXI. — To find the 
horizontal distance to which the cascade of water from a weir- 
crest will shoot in the course of a given fall below that crest ; tuke 
oDce-and-a-third of a mean proportional between that fall and the 
height from the weir-crest to still water in the pond. 

12. Baln-Fall. 



Indies 


CnWc feet 


Oallons 


CuMc feet 


Gallons 


IncliPa 


Depth of 


on 
an acre. 


on 
an acre. 


uu a 
square milo. 


on a 
Fquaro mile 


Dopth i»f 
llam-fall. 


I 


3>630 


22,635 


2,323,200 


14,486,314 


I 


2 


7,260 


45,270 


4,646,400 


28,972,627 


2 


3 


10,890 


67,905 


6,969,600 


43,458,941 


3 


4 


14,520 


90,539 


9,292,800 


57,945,254 


4 


5 


18,150 


113,174 


1 1,6 1 6,000 


72,431,568 


5 


6 


21,780 


135,809 


13,939,200 


86,917,882 


6 


7 


25,410 


158,444 


16,262,400 


101,404,195 


7 


8 


29,040 


181,079 


18,585,600 


115,890,509 


8 


9 


32,670 


203,714 


20,908,800 


130,376,822 


9 


10 


36,300 


226,349 


23,232,000 


144,863,136 


10 



For the conversion of cubic feet into gallons, and gallons into 
cubic feet, see page 109. 

An inch of rain 'per annum on an acre is roughly equivalent to 
Uxi cvbicfeet per day. 

An inch of rain per annum on a square mile is roughly equi- 
Aident Xc forty tJtousand gallons per clay. 

Annual depth of rain-fall in difi'erent countries and seasons 
ranges firom to 150 inches. 

In Britain, different seasons and districts, 15 to 100 and upwards. 

Ratio of available to total rain-fall on gatherinjij-gi'ounds ; stec^) 
impervious rock, &om 1 -0 to 0-8; moorland and AiiW^ \)-acaX.\v£^^'^^vi>v^ 
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-8 to -6; cultivated land, from -5 to *4, and sometimes less; 
chalk, 0. 

Greatest depths of rain in short periods: one hour, 1 inch; four 
hours, 2 inches; twenty-four hours, 5 inches. 

13. siabUitr •f Bed •f Stream.— Greatest velocities of^ cwrenit 
dose to the bed, consistent with the stability of various materials: — 

Soft clay, o'25 foot per second. 

Fine sand, 0-50 „ „ 

Coarse sand, and gravel as large as peas, 070 j, „ 

Gravel as large as French beans, i -oo „ „ 

Gravel 1 inch in diameter, 2*25 feet per second. 

Pebbles 1^ inch diameter, 3*33 „ „ 

Heavy shingle, 4*00 „ „ 

Soft rock, brick, earthenware, 4 '50 „ „ 

Bock, various kinds, , < , " _3 " 

' ' I and upwards. 

14. Strencth •f Water-Plpes.— HuLE XXXIL— To find the Uosl 
proper thickness of metal for a cast-iron pipe of a given bore, to 
bear a given pressure from within. 

First; divide the greatest pressure, in feet of wcUer (see page 
103) by 12,000, and multiply the bore or internal diameter of the 
pipe by the quotient : secondly ; take a mean proportional between 
the internal diameter and one forty-eighth of an inch : ^e greater 
of those two quantities will be the required thickness. 

EuLE XXXIII. — To find the greatest toorking pressure, in feet of 
water, which a cast-iron pipe will safely bear; multiply the thick- 
ness by 12,000, and divide by the internal diameter. 

The bursting pressure should be six times the working pressure. 

As to the weight of pipes, in lbs. to the foot, see pages 149 and 153. 

EuLE XXXIV. — For the weight of one foot of a cast-iron pipe, 
in fractions of a ton; multiply the difference of the squares of the 
outside and inside diameters by *00108. 

A. faucet on a 9 feet length of pipe adds between one-tenth and 
one-twentieth to the weight. ^^^ ^^ 

It). I^emand for Water ia To was. per day. 

Used for domestic purposes (liberal supply), 15 

Washing streets, extinguishing fires, supplying foun- 
tains &c., 3 

Trade and manufactures, 7 

Total usefully consumed, 25 

Waste, under careful regulation, 2^ 

Total, under careful regulation, 27 ^ 

Additional waste, in some cases, 22^ 

Total in somecases, 5° 
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Greatest hourly demand ^ from 2 to 2J x avetage hourly 
demand. 

Demand as to head^ 20 feet above hou^-topa (after deducting 
hw of head due to velocity and friction in pipes)* 

BacmoK II. — Euues relatinq to Hydraulic Prime MovERi. 

L Ci«meml Bnlcih — HuLE I. — To calcnlate the total or gro80 
power of a fall of water. To the actual head, or depth of fall (from 
the surfejce of the head-race to the surface of the tail- race), add the 
Heigtit due to the velocity of the water in the head-race. (Aa to 
heights due to velocities, see pages 248, 249,) Multiply tlie sum 
(or toUd Aecwi) by the volume of the flow of water per second , and 
hy the heaviness of water (62*4 Iba to the cubic foot)- The pro- 
duct will be the gross power in foot-lbs. per second. This divided 
by 550 gives the gross hoi^ae- power, 

REMARIL^-The dimensions of the head-raeo and taO-race are to 
be 6xed by means of the principles of the preceding section, pages 
364, 265. 

Rule IT. — To estimate the net or effective power of a fall of water ; 
iiiiilti[>ly tlje gi^ss power by tbe probable efficiency of the kind of 
prime mover to be used That efficiency is a fraction ranging, 

Efor water-pri?!Saiire cngmes, from 0^65 to 75; 
for overshot and breasjt wheels, from OT to 0'8; 
for undeRihot wheels, from 0'4 to 0^6 ; 
for a dn>wned wheel, J of the efficiency of tlie same wheel 
not drowned; 
fur turbines, fi-om 6 to 0*8» 
E.TTLE IIL — The vdocitf/ q; greatest eji^ienc^ for a water-wheel 
is as follows:— 

Case L— For wheels which act wholly by impvtlae, or partly by 
impulse and partly by weight, from 04 to 0'6 (or ou an average 
one-half) of the velocity of the feed- water ; 

Case II. — ^For turbines acting by pressure^ the velocity duo to 
half the head (that is, 0-7 of the velocity due to the whole head)* 

In Cases T, and II. the siirfaoe-vt?locity is measured at the place 
where the wheel receives the water. 

Case IIT. — For re-action wheels, the velocity measured at the 
outlets to be that due to the whole head. 

Remark,^ — If the whole head is used to impel the feed- water (aa 
in whf^els which act wholly by impulfie). Case I. of Rule III. de- 
termines the beat speed for the wh^^eL If the wheel acts partly 
by impulse and partly by weight, and its %'elocity is given, Case 1, 
determines how much of the head is to be used in giving velocity to 
feed- water^ viz:, the head duo to from 24 to i'^.ot vcd.^^ 
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to double of the mean speed of the wheel. For relations between 
head and velocity, see page 249. 

2. OFerMhot and Breast Wheels.— E,ULE lY. — Diameter o/owniut 

wived = fall — head required for velocity of feed. Velocity of feed 
= 2 X velocity of outer surface of wheel. Ordinary velocity of 
outer surface of wheel = 6 feet per second; velocity of feed-water, 
12 feet per second; head for that velocity, about 2*25 feet 

A breast wlieel may be made of any greater diameter. 

Rule V. — To find the clear breadth {l) between the crowns (or 
flat rims of the wheel), called also the length of the buckets. 

Let Q be the volume of water, in cubic feet per second; tt, the 
surface velocity of the wheel, in feet per second; r, the oateode 
radius of the wheel; b, the depth of shrouding ( = from 1 to 1*75 
ioot); (all measurements in feet). The buckets are supposed to 
run two- thirds full. Then, 
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EuLE VI. — Other dimertsions of hichets. Distance between 
their bottoms, measured on the sole (or inner circumference) = 6. 
Opening between lip of bucket and front of the next bucket above 
— when the slope of the circumference of the wheel at the point 

where the water is fed to it is between 0° and 24^, -; for steejicr 

slope, I X sin. slope. ' 

Rule VII. — To find the best positions for the guide-bladeSj 
between which the water flows on to the wheel. 

In fig. 103 let A B be a section of a bucket, B its lip. Draw 
/jfl the straight line B D H a tangent to the cir- 
cumference of the wheel ; and make B D = it, 
the surface velocity; and B H = 2 tt. Draw 
D L parallel to a tangent to the lip of the 
bucket j draw H C pei-pendicular to B H, 
cutting D L in C ; join B C. 

Then B C represents the best velocity for 
the supply of water to the wheel; and the 
middle outlet between the series of guide- 
blades is to be placed at the depth below the 
top water level in the penstock due to that 
velocity. 

Also, .^ H B C will be the proper angle 
for the guide-blades of the middle outlet to 
make with the tangents to the circumference 




Fig. 108. 
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it^ in order that the water may glide into the bucket without 
eoUision. The co-efficient of contraction for orifices between guide- 
blades is about c = 0*75 j consequently the total area of the out- 
lets required for the flow Q, is given approximately by the 
2Q 



SDrmQla^ A = 



3 u' 



and this is to be provided by having a 



snfficieiit number of outlets before and behind the middle outlet. 

The positions of the guide-blades for these outlets are found as 
follows : — 

Take the depth of the narrowest part of each outlet below the 
topwater level of the penstock ; compute the velocity due to that 
depth; from B lay off distances, such as B K, B L, representing 
those velocities, so as to find a series of points, such as K, L, in tlie 
line D C L; then will ..c::^ H. B K, ..c::^ H B L, be respectively the 
proper inclinations to tangents to the wheel, for the guide-blades 
of outlets where the velocities are B K, B L ; and so on for other 
gaide-blades. 

The formula gives a total area of outlet rather gioater than is 
absolutely necessary; but this is the best side to err on, as any 
excess of outlet can be closed by tfce regulator. 

Besides computing the area of the outlets between the guide- 
blades, the height of the topwater above the regulator, necessary to 
give the required flow Q, treating the regulator as an overfall with 
the co-efficient of contraction 7, should be computed by the for- 
mula h = f , y 'y and the depth of the upper edge of the 

lowest guide-blade below the topwater level should be made not 
less than the height so found. 

3. Vndershot IThcels (Ponceleto*).— EuLE YIII. — {Usuol dimen- 
sions of whed and sluice.) 
Diameter = fall x 2, nearly. 
(The foM is measured from 
the topwater of the pen- 
stock to the centre of its 
outlet.) Depth of shrouding 
= 4 fell. Greatest depth of 
opening of sluice = | fall. 
To calculate breadth (6) of 
opening of sluice; let Q be 
the volume of water, in cubic 
feet per second; A, the £eill 
5Q 




in feet; then h = 



4:h\ 



Fig. 104. 



BuLE IX. — To design the whed-race. In fig. 104 draw H F G « 
tangent to the wheelj with a declivity of one in \«tt. 
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At the height j^ above H F G, draw K L to represent the 

upper surface of the stream, meeting the circumference of tbe 
wheel at the point L. Then make the section of the bottom of 
the wheel-race from G to F an arc of a circle, equal to GL^and 
of the same radius ; that is, the outside radius of the wheel 

From G to E the wheel-race is formed so as to clear the whed 
by about 0*4 inch. 

Rule X. — To design the Jloats: — 

In fig. 105 draw B C to represent the direction and velocitjof 
the stream of feed-water A, and BK 
a tangent to the circumference of 
the wheel at the centre of thift 
stream; and fi-om let fiill CN 
perpendicular to B N. Make B D 

= ^ of B N, and join C D. This 

line will be parallel to a tangent to 

the lip £ of the float The rest of 

p;^^ 105. the float may be made of the figure 

of a circular arc, touching a radius 

of the wheel at its inner edge. From two to three floats in the 

length of the arc L G (fig. 103) are in general a sufficient 

number. 

The efficiency of this wheel is about '6 when not drowned, and 
'48 when drowned. 

4. llndemhot Wheel In an Open Current. — ^Wheels of this claSB 

have their floats usually plane and radial, and fixed at distances 
apart equal to their depth. 

Rule XI — The following is the useful work per second of 
such a wheel; v being the velocity of the current; u, that of the 
centre of a float; A, the area of a float, in square feet; and D, 
the weight of a cubic foot of water : — 

9 

The velocity of the centres of the floats for the greatest efiiciency 
is half the velocity of the current; and the efiiciency at that speed 
is 0-4. 

5. Turhinep. — RuLE XIL — For the velocity of tJae feed-waier; 
in impulse turbines take the velocity produced by the whole head; 
in pressure turbines, the velocity produced by half the head. 

Rule XIIL — To find the proper obliquity oftJie guide-blcuies to 
the receiving surface of the 'wheel ^ divide the volume of feed- 
water per second by the area oi ^iJaa x^evNvsi^ v^n^W^^ ^1 "^^^^^sefiL 
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(dimixushed by -^ for contraction), and by the velocity of feed; tbe 
qaotiient will oe the sine of the required angle. 

BuuB XrV. — ^To find the proper obliquity of the floats to the 
TeceiviDg surface of the wheel ; in impulse turbines proceed as in 
Rule X., i)age 272; in pressure turbines make the receiving ends 
of the floats perpendicular to the receiving surface of the wheel. 

RmiE XV. — (In this rule the discharging surface of the wheel 
is supposed to be, as it ought, equal to the receiving surface.) To 
find the obliquity of the floats to the discliarging surface of the 
wheeL In impulse turbines take the tangent of the obliquity of 
the receiving ends of the floats 3 in pressure turbines take the tan- 
gent of the obliquity of the guide-blades. Multiply the tangent so 
found by the radius of the receiving surface of the wheel, and 
divide the product by the radius of the discharging surface. The 
quotient will be the tangent of the obliquity of the discharging 
ends of the floats. 

6. B«-«cti«a iFheels.— EuLE XYI. — ^To find the proper total 
area of orifices for a re-action wheel; divide the volume of water 
per second by the velocity due to. twice the head. 

7. Hydnuilic Bam.— The following proportions for hydraulic 
nuns have been found to answer in practice : — 

Let h be the height above the pond to which a poi-tion of the 
water is to be raised; 

Hy the height of topwater in the pond above the outlet of the 
waste dack; 

L, the length of the supply pipe from the 
pond to the waste clack; 

D9 its diameter; then 

H = i;L = 2-8H = 0.UA;D = g = 4. 

Let Q be the whole supply of water, in cubic 
feet per second, of which q is lifted to the height 
h above the pond, and Q — q runs to waste at the 
depth H below the pond. Then the efficiency of 
the ram has been found by experience to have 
the following average value : — 

qh 2 , ^O 

^-j^ = g, nearly. Fig. 106. 

8. Wliidmlllii^— Smeaton's proportions for sails. (See ^g. 106.) 

AB-:gAC;BC = |AC; BD = CE = iAC; CF=^|aC. 

Angles qftOicUher, or obliquities of the sail to the plane of rr 
tion, at different distences ^m the axis of tiie ^indL-^baliXt^ 

T 
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Distance in sixths of A B,... 123456 

(fii*st bar) (tip) 

Angle of weather, 18° 19° 18^ 16^ I2*i 7^ 

Best speed for tips of sails, 2*6 x speed of wind. 

Effective power, in foot-lbs. per second == 0*00034 A ^^ where 
A = area of circle swept by sails, in sqivare feet, and v = velocity 
of wind, in feet per second. 

Section III. — Kules RELATiNa to Propulsion op Vessels. 

1. Betiistance of Teasels. — For relations between speed in feet 
per second and speed in knots, see pages 102, 114. 

Rule I. — Given, the intended greatest speed of a ship in knots; 
to find the least length of the after-body necessary, in order that 
the resistance may not increase faster than the square of the 
speed; take three-eighths of the square of the speed in knots for the 
length in feet (Scott Russell's Rule). 

To fulfil the same condition, the fore-body should not be shorter 
than the length for the after-body given by the preceding rule, and 
may with advantage be 1^ times as long. 

Rule II. — To find the greatest speed in knots suited to a given 
length of after-body in feet; take the square root of 2| times that 
length. 

Rule III. — ^When the speed does not exceed the limit given by 
Rule 11. , to find the probable resistance in lbs.; measure the 
mean immersed girth of the ship on her body plan ; multiply it 
by her length on the water-line ; then multiply by 1 + 4 (mean 
square of sines of angles of obliquity of stream-lines). The product 
is called the aiigmented surface. Then multiply the augmented 
surface in square feet by the square of the speed in knots, and by 
a constant co-eflGicient; the product will be the probable resistance 
in lbs. (See also page 303). 

Co-efficient for clean painted iron vessels, 01 ; 

„ for clean coppered vessels, -009 to '008; 

„ for moderately rough iron vessels, 'OH and upwards. 

Rule III. a. — For an approximate value of the resistance in 
well-designed steamers, with clean painted bottoms; multiply the 
square of the speed in knots by the square of the cube-root of the 
displacement in tons. For different types of steamers the resist- 
ance ranges from -8 to 1 -5 of that given by the preceding calcula^ 
tion. , 

Rule IV. — To estimate the net or effective horse-poioer expended 
in propelling the vessel ; multiply the resistance by the speed in 
^ ^nd divide the product by 326, 
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KnuB IV. A. — ^To estimate the gross or indicated Iwrse-power re- 
quired; divide the same product by 326, and by the combined 
efficiency of engine and propeller. In ordinary cases that efficiency 
is from "6 to -625 — average, say '613; therefore in such cases the 
preceding product is to be divided by 200. 

2. Throat •f PrapeUers.— EuLE Y. — To calculate the thmst of a 
propelling instrument (jet, paddle, or screw) in lbs.; multiply 
together the transverse sectional area, in square feet, of the stream 
driven astern by the propeller; the speed of that stream, rdcUivdy 
to the ship, in knots; the reed slip, or part of that speed which is 
impressed on that stream by the propeller, also in knots; and the 
constant 5*66 for sea-water, or 5-5 for fresh water. 

Rule VI. — Given, the product of the velocity of advance, in knots, 
of a screw propeller as if through a solid (= pitch in knots x re- 
volutions per hour) into the slip of that screw relatively to the 
water in which it works (also in knots); required the product of 
speed and slip of the stream from the screw, for use in Rule V. 

Multiply the first product by 1 — —: . (This is a good 

^ "^ ^ circumierence ^ ° 

rough approximation when the circumference is between 1^ and 3^ 
times the pitch.) 

Remark. — The speed of the stream driven astern by feathering 
paddles is sensibly equal to that of their centimes; by radial paddles, 
to that of their outer edges. The gross power required to drive a 
radial paddle-wheel is greater than that required to drive a feather- 
ing paddle-wheel of equal thrust, in the ratio of 
outer radius of wheel \ 
beight of axis above watery* ^' 

3. Bl«nient •f Sail. — The centre of buoyancy of a ship is the 
centre of her immersed volume (found by the Rule of page 84, 
Article 7). 

Rule VII. — To find the height of a ship's metacentre above her 
centre of gravity. Divide the length of her load water-line into 
equal intervals, at which measure the half-breadths at the load 
water-line. Cube each of those half-breadths; and regard the 
cubes as the ordinates of a plane figure having the length of the 
load water-line as its base. Find the area of that figure by 
Simpson's Rule (page 64.) Divide two-thirds of that area by the 
volume of water displaced by the ship. The quotient will be the 
height of the metacentre above the centre of buoyancy ; from which 
subtracting the height of the centre of gravity above the centre of 
buoyancy, there remains the height required^ called the Tnetacentric 
height. 

Rule VIIL — To find the moment of sail that a ship can 
multiply together the metacentric height in feet, the dis 
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ment in tons, tlie factor 2240 (to reduce the tons to pounds), and 
the sine of the intended angle of steady hed; the product "will he 
the required moment in foot-lbs. 

Ordinary values of sine of angle of steady heel: ships, "07; 
schooners and cutters for trade or war, '105; yachts, '157. 

Rule IX. — To calculate the momeTit of a given set of sails. 
Multiply their area by the estimated intensity of pressure of the 
wind, and the product by the height of the centre of effort of the 
sails above the centre of lateral resistance of the vesseL 

Remarks. — Sails are adapted to a vessel by so adjusting their size 
and figure that the results of Rule VIII. and Rule IX. are equal 
The pressure of wind to which the extent of canvass called "all 
plain sail" is usually adapted, is about 1 lb. on the square foot. 

The centre of effort above mentioned is the common centre of 
magnitude of the sails, found as in pages 83, 84. 

The centre of lateral resistance is at a depth below the surface 
of the water nearly equal to half the vesseFs draught of water 
amidships. 

The equivalent triangle has for its ha^se a line which usually ex- 
tends horizontally from the clew of the driver (or aftermost lower 
comer of the aftermost sail) to a point directly belcfw the tack of 
thejih; — and for its height, three times the height of the centre of 
effort above its base (called the hose of sail), 

Rtjle IX. A. — Given, the moment of sail, M, as found by Rule 
YIII., and the base of sail, h ; to find the height, Zy of the centre 
of effort above the base of sail; also the area of saiL Let A be the 
height of the base of sail above the centre of lateral resistance; 
^, ^ //2M A2V ^ 

then z = A/ I o T" + j ) — n'y and area = l^zb. 

Examples of length of* base of sail -r- length of vessel on load 
water-line. Fore and aft rigged vessels, 1*9 to 1*6; square rigged 
vessels, 1*6 to 1*35; full-powered steamers, 1*0 to 0*5 (in steamers 
the base of sail usually has a gap in it over the engines and 
boilers). 

Rule X. — Direct pressure of wind in lbs. on the square foot 
, (velocity of wind in knots)^ 
nearly = ^ ^ ^gp ' 

(See Shipbuilding, Theoretical and Practicai, by Watts, Rankine, 
Napier, and Barnes.) 
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PAET IX. 

HEAT AND THE STEAM ENGINE. 

SeCTIOK I. — BULES RELATING TO THE MECHANICAL ACTION OF 

Heat, especially through Steam. 

1. ThermodiyHUMics.— As to measures of temperature, and of 
quantities of heat, see pages 105, 106. 

Rule L — To find the quantity of heat required to produce a 
given rise of temperature in a given weight of a given substance ; 
multiply together the rise of temperature, the weight, and the 
specific heat of the substance. (See Table, pages 278, 279.) 

BuLE II. — To convert quantities of heat into equivalent qtmntities 
of work: — 

MulHply by 

British Fahrenheit-units into foot-lbs. , 772; 

British Centigrade-units into foot-lbs. , i>39o; 

French units into kilogrammetres, 424; 

British units of evaporation into foot-lbs., 7 45,800 ; 

French units of evaporation into kilogrammeti-es, 227,300. 

The first three numbers are values of the dynamical equivalent 
of heat y often called "Joule's Equivalent," and denoted by J. 

BuLE III. — To convert temperatures on the ordinary scales into 
absolute temperatures. (See page 105) : — 

In Fahrenheit's degrees, add 46i°*2 

In Centigrade degrees, „ 274*0 

In B^aumur's degrees, „ 2x9-2 

Fahr. Cent. Edau. 

Absolute temperature of melting ice, 493°*2 274° 21 9°-2 

Atmospheric boiling point of water, 673-2 374 299-2 

(See Table, pages 280, 281, 282.) 

BuLE lY. — To find the efficiency of a perfect heat engine^ working 
between given limits of temperature; divide the difference or range 
between the limits of temperature, by the higher limit of absolute 



Beicark. — The efficiency thus found is never fully really^'' ^" 
any actual heat-engine^ but is approximated to in the c^ 
improvement. 
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Table op the Elasticity op a Perpect Gas, 



EXPLANATION OP SYMBOLS. 

T. — ^Temperature, measured from the ordinary zero. 
t — ^Absolute temperature, measured from the absolute zero. 
P. — ^Pressure of a perfect gas in pounds avoirdupois on the square 
foot. 

V. — ^Volume of one pound avoirdupois in cubic feet. 

PV. — Product of these quantities at any given temperature. 

PqVo. — ^Value of that product for the temperature of melting ice. 



Centigrade. 


Fahrenheit 


PV 


T 


t 


T 


t 


PoVo 


-30° 


244° 


-22° 


4392 


0-8905 


-25 

-20 


, 240 


— iq . 


4482 

457-2 


0-9088 

0-9270 




• •••• *o • 

- 4 


-15 


259 


+ 5 


466-2 


0-9453 


— 10 


264 


14 


475-2 


0-9635 


- 5 


269 


23 


484-2 


0-9818 


, 


. 274 


32 . 


493-2 


i-oooo 


+ 5 


279 


41 


502-2 


1-0182 


10 


284 


50 


511-2 


1-0365 


15 


289 


59 


520-2 


1-0547 


20 


294 


68 


529-2 


1-0730 


25 


' 299 


77 . 


538-2 


1*0912 


30 


304 


86 


547-2 


I-I095 


35 


309 


95 


556-2 


1-1277 


40 


314 


104 


5652 


I-I460 


45 
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394 
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130 
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135 
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140 
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PV 

PoPo 

1-3468 

1-3650 

13832 

1-4015 

1-4197 

1-4380 

1-4562 

1-4744 
1-4927 
I-5I09 
1-5292 

1-5474 

•1.5057 
1-5839 
1-6022 
1-6204 

1-6387 

1*6569 
1-6752 
1-6934 
1-7117 

^-7299 

1-7481 
1-7664 
1-7846 
1-8029 
1-8394 
1-8759 

1-9124 

1-9489 
1-9854 
2-0219 
2-0584 

2*0949 

2-1314 
2-1679 
2-2044 
2-2409 

22774 

2-3139 

2-3504 
2-3869 
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6732 


221 


682-2 


230 


691*2 


239 


700-2 


248 


709-2 


257.. 


718-2 


266 


7272 


275 


736-2 


284 


745-2 


293 


754-2 


302 ., 


763-2 


311 


772-2 


320 


781-2 


329 


790-2 


338 


799-2 


347 .. 


808-2 


356 


817-2 


365 


826-2 


374 


835-2 


383 


844-2 


392 .. 


853-2 


401 


862-2 


410 


871-2 


419 


88o-2 


428 


889-2 


446 


907-2 


464 


925-2 


482., 


943-2 


500 


961-2 


518 


979-2 


536 


997-2 


554 


1015-2 


572 .. 


1033-2 


590 


1051-2 


608 


1069-2 


626 


1087-2 


644 


1005-2 
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1123-2 


680 


1141-2 


698 


1159-2 


716 


1177-2 
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Centigrade. FahrenMt. PV 



T I T I 



PoV« 



390'' 664** 734° 1195-2 2-4234 

400 ^U 752 1213-2 2-4599 

410 684 770 1231-2 2-4964 

420 694 788 1249-2 2-5329 

430 704 806 1267-2 2-5693 

440 714 824 1285-2 2-6058 

450 724 842 1303*2 2-6423 

460 734 860 1321-2 2-6788 

470 744 878 1339-2 2-7x53 

480 754 896 1357-2 . 2-7518 

490 764 914 1375-2 27883 

500 774 932 1393*2 2-8248 

520 794 968 1429-2 2-8978 

540 814 1004 1465-2 2-9708 

560 834 1040 1501-2 3*0438 

580 854 1076 1537-2 3-1168 

600 874 1112 1573*2 31898 

620 894 1148 1609-2 3-2628 

640 914 1184 1645-2 3*3358 

660 934 1220 1681-2 3*4088 

680 954 1256 1717-2 3'48i8 

700 974 1292 1753-2 3-5547 

720 994 1328 1789-2 3*6277 

740 1014 1364 1825-2 3*7007 

760 1034 1400 1861-2 3*7737 

780 1054 1436 1897-2 3*8467 

800 1074 1472 1933*2 3*9^97 

820 T094 1508 1969-2 3*9927 

840 1 114 1544 2005-2 4*0657 

860 1134 1580 2041-2 4*1387 

880 1154 1616 2077-2 4-2117 

900 1174 1652 2113-2 4*2847 

920 1194 1688 2149*2 4*3577 

940 1214 1724 2185-2 4*4307 

960 1234 1760 2221-2 4*5036 

980 1254 1796 2257-2 4*5766 

1000 1274 1832 2293-2 4-6496 
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BnUB V. — To find the total work in a heat-engine done by a 
given expenditure of heat; reduce the expenditure of heat to units 
of work (see Bule II., page 277), and multiply by the eflficiency. 

Bkmark, — ^A quantity of heat equivalent to the total work 
thus found disappears; and the remainder of the heat expended 
is rejected. 

Rule VI. — To find the expenditure of heat in a heat-engine 
reqtiired in order to do a given total quantity of work ; divide by 
the efficiency, or multiply by its reciprocal; the product will be the 
reqtiired expenditure of heat expressed in equivalent units of work; 
which may be reduced to units of heat by dividing by the proper 
co-effideut, as given in Kule II. 

Ab to eocpansion hy heat, see pages 147, 148; also Tables, pages 
278 to 282. 

Rule VIL — To find' the total heat of evaporation of an unit of 
weight of water : the temperature of the feed- water and the boiling 
point being given. To the latent heat of evaporation of an uuit 
of weight at the atmospheric boiling point (966 British Fahrenheit 
units^ or 537 French units), add 1 for every degree that the feed- 
water is below the atmospheric boiling point, and 0*3 for every degree 
that the actual boiling point is above the atmospheric boiling point. 

To calculate the same quantity in units of evaporation at the 
aimaspheric boiling point, divide the result of the preceding calcu- 
lation by 966 for British Measures, or 537 for French Measures. 
(See Table of Factors of Evaporation, page 284.) 

Rule Ylll. — To calculate the pressure of steam corresponding 
CO a given boiling point, or the boiling point corresponding to a 
given pressure. Let p be the pressure (absolute); t, the boiling 
pointy in ahsolute temperature; A, B, C, constants. Then 

B C 1 //A - log » B2 \ B 

logp = A - V - r^ -t = VK—o^ ^ rc^j - rc 

Values of constants for steam, with common logarithms, and 
pressures in lbs. on the square inch, — 

A LogR LogC. 2"^. ^^-3. 

6*1007 3*43642 5*59873 0-003441 0-00001184 

For results, see Table, pages 285 to 288 ; also plate at end. 

Rule IX. — Given, the volume of a pound of steam at a given 
pressure; to calculate the volume of a pound of steam at another 
pressure. The difference between the logarithms of the volumes 
is very nearly siocteen seventeenths of the difference between the 
logarithms of the absolute pressures; and the greater volume 
corresponds to the less pressure. 

This nile serves to find volumes of steam corresponding to pressure* 
intermediate between those given in the Table, pag&a ^^^ \j^ *2&^ 
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Bulb IX. a. — {Fairhairn and Tak's RuU)^-'Io c^culate the 
volume of one lb. of steam at a given pressure. From the absolute 
pressure in Iba, on the square inch, subtract 0- 35; divide 389 by 
tlie remainder; to the quotient add 041; the sum will be the 
volume of ouc IK of steam in cubic feet, c early* 

For relations between preasares, volumes, and temperaturea of 
Bteant^ see the left-hand diagram in the plate at the end of tbi8 
volume. 

Rule IX. b. — To find the weight of steam reqnii'ed to fill a given 
volume at a given pressure; divide the given volume by the volume 
of one lb. of steam. 

Effect ^f Salt on Boilingpoint. — Each 3 2d part by weight of salt 
in water raises the boiling-point 1°"2 Fahr. =. 0^*67 Cent, Ordi- 
nary sea- water contains one- 3 2d pait of salt. 

2. Aciion «r ^icmm Ju criindi^r^ — BtiLE XL — To calculate the 
mdtcated potber of an actual steam-engine from tlie capacity of 
cylinder J indicator-diagram, and number of revolutions per minute. 
From the indicator-diagmm {as explained in page 242, Rulea 
%Y, and XVI) determine the mean effective presntre; multiply it 
by the effective cupaciti/ of cylindm^ (being the volnme swept by the 
piston per stroke), and by the number of revolutions per minute^ 
for a single-acting engine^ or twice that number for a double-acting 
engine; the product will be the indicated power in fmt-pnunds per 
minute; which, being divided by 33,000, will give the indkated 
hoTse-poimr.* 

Remark.— Aa to the adaptation to each other of the unit of 
intensity of pressure and the unit of volume swept, see page 23&, 
Bemark on Eule IV. 

Rule X A. — Or o^Aen£?f^:— Multiply the Tnean effective pressure 
by the a7*ea of pi^toHj for the had; then multiply the load by the 
disumce travcllc3d by the piston per minute, for the indicated 
power in units of work per minute. (In single-acting engines 
forward strokes alone are tip be reckoned in the distance travelled ; 
in double-acting engines both forward and rettirn strok^ whose 
amount per minute is then called m^an speed ofpistofi,) 

Remark. — The effective or m^ailabk power is usually about OS 
of the indicated power; that fraction being the effkiefic^ of iite 
meckarmm. 

Rule XI. — In a proposed steam-enginB, to estimate the ratio in 
which the initial absolute pressure in the cylinder will be less than 
the absolute pressure in the boiler. Let v denote the mean velocity 



When indica-tor dmi^ams are taken for scientific purpoaes, the weather- 
_ jrometer should be ohaer^ed, in order that abgolutt presstires m&^ 
daced from the diagram ; which of itBeLF shows only difeteHcea heti 
jire^nrea of the steam and of the atiaoaphete* As to coaverfioa of ^ 
see pagm 10^ lid. 

U 
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A 

of the piston in feet 'per second; — , the ratio in which the area of 

the piston is greater than that of the steam-port of the cylinder; t, 
the absolute temperature of the steam in Fahrenheit degrees ; then 
the requiied ratio is nearlj/y 

t?g A2 

180 t a2' 

V A 

The velocity of the steam in the port, , shoold not exceed 

100 feet per second; and then the ratio becomes 1 ^ 

J.oU t 

= 1 - — nearly for Fahrenheit's scale, or 1 - — for the Centigrade 

scale. Let t = 720° Fahr. = 400** Cent.; then the ratio = 092 
nearly. 

Rule XII. — To calculate approximately the ratio (^^) in 

which the mean absolute pressure in a cylinder will probably be 
less than the initial absolute pressure at a given rate of expansion 
r, (When r exceeds 2, the accumulation of liquid water in the 
cylinder must be prevented by jacketing or by superheating; 
otherwise the economy due to expansion cannot be realized.) 
Method 1. — (Nearly exact for dry saturated steam.) 

p^ _ 17-16r-^ 
>i"" r ' 

(The quantity r ""^ may be computed by taking the reciprocal of 
r (called the effective cut-off), and extracting the square root four 
times.) 

For results of Method 1, see Table A,, page 292; also the right- 
hand diagram of the plate at the end of the volume. 

Method 2. — (Steam moderately moist: — Absolute pressure x 
volume supposed sensibly constant.) 

Pm_ l-^hT?' ^og' ^ 
Pi r 

Por hyperbolic logarithms, see page 14. For results of Method 2, 
see Table B, page 292. 

Kehare. — In ordinaiy practice, the difference between the 
results of those methods is so small, that the choice between 
them dftnends mainly on whether a table of squares or a table of 
hyp rithms is at hand. 
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MfOiod 3*— (See fig, 107.) Draw a straight line G A B, in 
which make A B = 4 A C. Draw A D perpendicular to CAB; 
and about C describe the circular arc BD cutting AD in D. 

D E 
Then in D A take E, so that r^^-^ shall 



%ve 



DA 

cut-off 



(and 



the 
consequently =p=, the rate of expansion). 

At E draw E F parallel to A B. Then 

EF 

. -J will be the required ratio of mean 

to initial absolute pressure, nearly. " 

The results of Method 3 lie between 
those of Methods 1 and 2. ^*ff- ^^7- 

Rule XIII. — Given, the initial absolute pressure, the absolute 
back-pressure, and the rate of expansion; to calculate the mean 
effective pressure; multiply the initial absolute pressure by the 
ratio found as explained in Rule XII. ; the product will be the 
mean absolute pressure ; from which subtracting the back-pressure, 
the remainder will be the required mean effective pressure. 

Absolute back-pressure in lbs. on the square inch; 

In non-condensing engines, from 15 to 18. 
In condensing engines, from 3 to 5. 

Rule XIV.-r-To allow for the effects of clearance on the expan- 
sion and pressure. Let c be the fraction expressing the ratio borne 

by the clearance to the effective cylinder-capacity; -j, the a,ctual 

cut-<ff, or fraction of the stroke during which the steam is admitted; 

-, the effective cut-off, or reciprocal of the rate of expansion. Then 

1 

r , l+c 

and r = r" 



r 



l+cr' 



From the real rate of expansion r, as above computed, calculate a 
value of the mean absolute pressure by Rules XII. and XIII. ; let 
it be denoted by pm : then the corrected mean absolute pressure is 
as follows : — 

Case I. When there is no cushioning; p'm^Pm-c (Pi-pm)', 
Pi being the initial absolute pressure; 

Case II. When steam enough is cushioned to fill the cle 

at the pressure p^; j/m = , ^ ^ 

• First published in the Engineer fox the Utb. k^xii^ \^«fe, 
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ExpANsnrs Working ( 


ofSteail- 


-Table A.- 


-Dry Saturated Steam. 


f 


J 


Tb 


Pi 


a 


Pm 




r 


Pi 


rPm 


Pm 


Pi 


20 


•05 


3-73 


•268 


536 


•186 


134 


•075 


3*39 


•295 


3'93 


•254 


10 


•I 


3-14 


•318 


3-i8 


•314 


8 


•125 


297 


•337 


270 


.370 


61 


•15 


278 


•360 


240 


•417 


5 


•2 


2*53 


•395 


1-98 


•506 


4 


•25 


233 


•429 


172 


•582 


^i 


•3 


216 


•463 


1*54 


•648 


2^ 


•35 


2 -02 


•496 


142 


707 


2f 


•4 


1-89 


•529 


132 


•756 


2I 


'45 


178 


•562 


125 


•800 


2 


•5 


r68 


•596 


119 


•840 


if" 


•55 


1-59 


•630 


I-I4 


•874 


•6 


150 


'666 


I'll 


•900 


I^ 


•65 


1-43 


•700 


I -08 


•926 


I^ 


7 


1-35 


•740 


106 


'945 


I^ 


75 


128 


•778 


104 


•960 


4 


•8 


1*22 


•819 


I-02 


.976 


I^ 


•85 


I-l6 


•861 


I-OI 


.•986 


^4 


•9 


I'll 


•903 


1-005 


•995 




Tarlf. 


B.'-'ModercUdy Moist Steam. 




20 


•05 


400 


•250 


500 


•200 


i3i 


•075 


359 


•279 


372 


•269 


10 


•I 


330 


•303 


303 


•330 


8 


•125 


3-o8 


•325 


2'6o 


•385 


6| 


•15 


2*90 


•345 


2*30 


•435 


5 


•2 


2-6i 


•383 


1-92 


•522 


4 


•25 


239 


•419 


1-68 


'59<5 


4 


•3 


2*20 


•454 


1-51 


•661 


2f 


•35 


2-05 


•488 


1*39 


717 


2^ 


•4 


1-91 


•523 


1-31 


•765 


4 


•45 


r8o 


•556 


124 


•809 


2 


•5 


i'69 


•591 


118 


•846 


:f 


•55 


I 60 


•626 


114 


•878 


•6 


1-51 


•662 


I'lO 


•906 


IT^J 


•65 


1-43 


•699 


107 


•929 


I^ 


•7 


I 36 


•737 


105 


'950 


I^ 


•75 


1*29 


•777 


1*04 


'9^5 


Ij 


•8 


1-22 


•818 


I 02 


•978 


7^ 


•85 


1x6 


•860 


I-OI 


•989 




•P 


III 


•905 


1-005 


'995 
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Explanation of Tables. — r, rate of expansion; -, effective 

cut-off; pjy initial absolute pressure; pmy mean absolute pressure. 

Rule KY. — ^To find the effective cylinder-capacity required for a 
proposed steam-engine. To the intended vs^iU work per minute 
add an allowance (say <me-fourth on an average) for resistance of 
engine; the sum will be the indica^ted work per min/ute. Divide, if 
tiie engine is single-acting, by the intended number of revolutions, 
or if douUe-acting, by twice the intended number of revolutions 
per minute, for the indicated work per st/roke; which being divided 
by the intended mean effective pressure, will give the required 
effective cylinder-capacity. 

As to the units in which it will be expressed, see page 239. 

Divide the effective cylinder-capacity by the length of stroke; the 
quotient will be the an'ea qfpistoTi, 

3. EzFendllarv mf Deat In the CTllnder and EffieiencT of Che 

ScflWM* — BuLE XYL — To calculate the dbsolvte pressure of release 
(j9«) (that is, the absolute pressure at the end of the expansion); 
Case L — Dry saturated steam, 

or otherwise : in the left-hand diagram of the plate find the volume 
corresponding to p^; multiply it by r for the final volume, and 
find the corresponding pressure from the diagram. 

Case IL — Moderately moist steam; divide the initial pressure 

by the rate of expansion (that is, make p^ = - j. 

Rule XVIL — To calculate the intensity of a pressure (/?*), 
equivalent approximately to the rate at which heat is expended in 
the cylinder. Find p^ as in Rules XII. and XIII., and ^2 ^ ^ 
Bnle XVI.; then 

In condensing engines, pi, = p^ + 15 p^; 
In non-condensing engines, p;^ = i?« + 1^ Pil 

These results are correct to about one per cent. 

Rule XVIIL — ^To calculate the efficiency of the steam. Let p^ 
be the back pressure, and p^= p^ — p^ the mean effective pressure, 
found as in Rule XIII. Then 

ofsteam = ^= ^T^^l— 

Pk Pw. + 15 or 14/?2 

Bulb XIX. — To find the expenditit/re of heat iu Uve crylxin^ Vs 
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given time; other nmlti^tlie indicaUed irock in tint time hj the 
reciprocal (^ the ^iciengr, — ; or muMffy the vcdnme swept hj 

the pixton in the niAe time by p^ 

llie result is expressed in onits of wotk^ which nuiT, if required, 
be converted into ordinaiy units of heat, or into units of evapora- 
UffUy hy dividing hy the proper co-efficient as given in Ride IL, 
page 277. For practical purposes units of evapcmition are the 
most convenient 

Rule XIX. a. — For the effect of clearance on the expenditure 
of heat; calculate the expenditure of heat as if there were no 
clearance; then, — 

Odse L — If there is no cushioning, multiply by 1 + c 

Case IL — If there is cushioning sufficient to fill the clearance 
with steam at the absolute pressure p. ; divide by 1 -i- c r'. (See 
Rule XIV.) 

Remarks. — ^The result of the preceding calculations includes not 
only the heat required to produce the steam, but the additional 
heat required to prevent it from condensing to any considerable 
extent in the cylinder. 

The following are rules for obtaining exactly, by the aid of the 
Table at pages 2S5 to 288, some of the results to which approxi- 
mations are given by the preceding rules of this and the previous 
Article : — 

One lb. of steam is supposed to be admitted to the cylinder at 
the temperature T^ ; then expanded, until its temperature falls to 
Tg, being maintained by the aid of jacketing in the state of dry 
saturation; and then discharged against a back pressure equal to 
the final pressure. 

The nuDiljers 1 and 2 denote quantities in the Table correspond- 
ing to the temperatures 1 and 2 respectively. 

Rule A. — Work of one lb. of steam, Uj — TJg. 

Rule B. — Expenditure of heat, in units of work, XJi — XJg + Hg 
— A; the value of h being that corresponding to the temperature 
of the feed- water. Of this heat, Hj — A is expended in producing 
the steam, and the remainder in preventing condensation in the 
cylinder. 

4. Expendiiare •f Heater.— RcjLE XX — ^To find the net weigid of 

d-vxUer required per stroke; divide the total cylinder-capacity 

the volume of one lb. of steam at the pressure of release {p^ji as 

nd by means of Rule IX., page 283, or IX A., page 289; or of 

3 Table, pages 285 to 288; or of the left-hand diagram in the plate. 

Rule XX a. — For a rough approximation to the nel weight of 

eed-wcUer per stroke, correct to 10 per cent., and erring on the safe 

^de; multiply together the absolute pressure of release and cylinder- 

"^ty so aa to get the prodwo\> m iooWW^ and divide by 
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50,000. For the approximate net volume in cubic feet per stroke, 
divide the same product by 3,000,000. 

Another rough approximation to the net weight of feed- water in 
a given time is to take the expenditure of heat on the steam (Kule 
XIX.) in units of evaporation. 

B.ULE XXL — For the gross feed-water, multiply the net feed- 
water, 

If the supply is pure water, by 2; 

If ordinary fresh water, by 2^ ; 

If sea-water, and the brine is to be discharged at n times 

2 n 
the saltness of sea-water, multiply by r. 

Values of n, 3 2^ 2. 

-^1^ feed- water, 3 3J 4. 

Rule XXII. — In a condensing engine, to calculate the npi 
weigJU of condensation-water per stroke ; from the expenditure of 
heat, in units of work per stroke, subtract the indicated work per 
stroke; the remainder will be the rejected heat, in units of work per 
stroke, which is to be divided by 35,000 for British Measures, or 
10,600 for French Measures, to give the required weight in lbs. 

For cubic feet per stroke, divide the rejected heat in foot-lbs. by 
2,200,000. 

Kule XXIII. — For the gross supply of condensation-water, 
multiply the net supply by 2. 

Section II. — Rules relating to Furnaces and Boili:rs. 

1. Fuel.— Rule I. — To estimate the tlieoretical evaporative potoer, 
that is, the total Iieat of combitstion of fuel, in units of e\'aporation 
(see page 277), per unit of weight of fuel, from the chemical analysis 
of the fuel. Distinguish the constituents into carbon, hydrogen, 
oxygen, and refuse, expressing the quantity of each as a fraction of 
the whole weight analyzed. Let C, H, and O be the fi-actions for 
carbon, hydi'ogen, and oxygen respectively. Then, 

Theoretical evaporative power =15C + 64 (H — -j. 

Rule II. — N'et weight of air chemically necessary for the com- 
plete combustion of an unit of weight of fuel; 



12 C + 36 



(■=-?)• 



In most furnaces some additional air is required to dilute the pro- 
ducts of combustion, thus increasing the supply of air required in 
the ratio of 1^ : 1 or 2 : 1. 
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Examples op Theoretical Evaporative Powers op Fuel. 

Carbon, 15 

Hydrogen, 64 

Various Hydrocarbons, from 20 to 22^ 

Charcoal and Coke, „ 12 to 14 

Coal, best qualities : — Anthracite, 15 

„ „ Bituminous, from 14 to 16 

„ „ Oxygenous, about 13^ 

„ ,y Brown, „ 12 

Peat, absolutely dry, „ 10 

Wood, do., „ 7^ 

Bad qualities of coal from a given coal-field, about | of the best 
qualities. 

Rule III. — To estimate roughly the efficiency of a furnace and 
boiler (being the ratio of available to total heat). 

Case I. — Draught produced by a chimney : — Divide the intended 
number of square feet of heating surface per lb. of fuel per hour by 
the same number + 0*5 : eleven-twelfths of the quotient will be the 
probable efficiency of the furnace, nearly. The following are 
example* : — 



S(]^nare feet 

heating surface 

per lb. fuel 

per hour. 



Small heating surface, o -50 

'0-75 

Ordinary heating surface in 
tubular boilers, 



Water-tube 
boilers, ... 



and cellular 



I 00 

i 1-25 
1-50 

2*00 
3-00 
6 GO 



Efficiency 

of 
Furnace. 



0-46 

o*6i 
0-65 
0-69 

073 
079 
0-84 



Available heat 
per lb. coal, 

if total heat is 
134 units of 

Evaporation. 

6'2I 

824 
877 
93^ 
9-85 
IO-66 

11-34 



The efficiency of a furnace is liable to be diminished by from -2 
to "5 of its proper value through unskilful firing. 

Case II. Draught produced by a blast pipe or by a fan; put 0*3 
m the divisor instead of 0*5. 

Rule IY. — To estimate the available heat of combustion of ftiel ; 

altiply the total heat of combustion by the efficiency of the 

mace. 

Rule Y. — To estimate the probable expenditure of fuel in a 
iven time required in a given steam engine. 

E^'" ''e expenditure of heat by Rule XIX. of the preced- 



VVELf FUSBTAOBB^ AND BOILERS — COin>ENSER. 297 

ing section, page 294, and divide it by the available heat of combus- 
tion of an unit of weight of the fuel 

2. I^iaMmiMU •fVummeem and B«ileni and their Fittings. — Area 
(^ fire-griUe; in furnaces with chimney draught, from •! to '04 
square foot per lb. of fuel burned per hour. 

Area of fire-grate; in furnaces with draught forced by blast- 
pipe or otherwise, from '04 to Ol square foot per lb. fuel per 
hour. 

ffeaUng surface; see preceding Article. 

Sectional a/rea of flues or tubes from f to i of area of gi'ate ; area 
of chimney J about iV area of grate. 

Capacity of boiler; steam and water space = heating surface x 
from 3 feet to IJ foot in stationary cylindrical and flue boilers; 
fi-om 1 foot to '5 foot in tubular boilers, stationary or marine ; and 
about '1 foot in locomotive boilers and water-tube boilers. 

CapoicUy offumacejflues, and tubes = area of grate x from 6 to 
8 feet 

Area of air-holes above level of grate = about -^ area of 
grate. 

Pitch of boiler stays, from centre to centre ; in marine boilers, 
from 12 to 18 inches; in locomotive boilers, 4 or 5 inches; work- 
ing tension, 3,000 lbs. on the square inch. Working tension on 
boiler shells, from 4,500 to 6,000 lbs. on the square inch. As to 
strength of flues, see page 211. 

Area of safety valve, — Kule. — Multiply the greatest weight of 
water to be actually evaporated in lbs. per hour by '006; the pro- 
duct will be the required area in square inches. 

Brine refrigerator for marine boilers : surface of tubes should if 
possible be tt) square foot per lb. of brine blown off" per hour (from 
i to i of gross feed- water). 

Injector, — Sectional area of narrowest part. Rule. — Divide the 
gross feed-water to be supplied in cubic feet per hour by 800, and 
by the square root of the pressure of the steam in atmospheres; 
the quotient will be the required area in square inches. For 
circahir inches, divide by 630 instead of 800. 



Section III.— Yarious Dimensions op Engines. 

1. c^nd«nMr»—PnmpB.— Common condenser, from i to ^ capacity 
of cylinder. 

Injection sluice; find the gross volume of condensation-water by 
Rule XXIII., page 295; divide by 1,620 feet; the quotient will 
be the area in square feet. 

Air-pump, single-acting, for common condenser; from J to i 
capadiy of cylinder. Valves and passages of such size that sj 
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of fluids passing through shall not exceed 12 feet per second. 
Double-acting air-pump may be half the capacity. 

Feed-pumps depend for their capacity on gross supply of feed- 
water (see Kule XXI., page 295) ; and cold water pumps on the 
p'oss supply of condensation-water. (Rule XXIII., page 295.) 
Brine-pumps for boilers fed with salt water, from J to ^ of capacity 
of feed-pumps. 

Surface condenser^ from 2^ to 5 square feet surface per indi- 
cated horse-power; air-pump, if single-acting, ^ capacity of 
cylinder. 

2. sieam-paMages and Taive-ports to be of such area that velocity 
of steam shall not exceed 100 feet per second. 

3. siide-raive Oearing. — By the angular advance of the eccentric 
is to be understood the angle at which the eccentric radius stands 
in advance of that position which would bring the slide-valve to 
mid-stroke when the crank is at its dead-points. 

Rule I. — Given, the positions at the crank at the instants of 
admission and cut-off; to find the proper angular advance of the 
eccentric, and the proportion of the lap on the induction-side to 
the half- travel of the slide.* 

In ^g. 108 let A B and A C be the positions of the crank at 
the beginning and end of the forward stroke ; let the arrow show 
the direction of rotation; let X a; be perpendicular to B C; let 
A D be the position of the crank at the instant of cut-off, and 
A E its position at the instant of admission. Draw A F, 
bisecting the angle E A D ; A F will represent the position of the 
crank at the instant when the slide is at the forward end of 
its stroke; and FAX will be the angular advance of tlie 
eccentric. 

Lay off the distance A F to represent the half-travel ; and on 
A F as a diameter describe the circle A H F G, cutting A D in 

A G A H 
G and A E in H ; then -r~^ - j? ^^^^ ^® *^® required ratio of 

lap at the induction-side to kcdf-travd; and A G = A H will 
represent that lap, on the same scale on which A F represents the 
half-travel. 

On the same scale, I K represents the uridth of opening of the 
valve at the beginning of the stroke, sometimes called the 'Head of 
tlie slide." Strictly speaking, this is the lead of the induction-edge 
of the slide only; the lead of the centre of the slide being A K; 
that is, its distance from its middle position at the beginning of the 
forward stroke. 

* The method used in this and the following rules is that of Professor Dr. 
Zeuner, of the Swiss Federal Polytechnic School at Zurich, published in his 
treatise on Slide-valve Gearing, entitled, Die Schiebersteuerungen, 
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Ruue II.— Given, the data and results of the preceding rule, and 
the position, A M, of the crank at the instant of release; to find 
the ratio of lap on the eduction-side to half-travel, and the position 




of the crank when cushioning hegins. Produce F A to L, making 

Alt — AF; onAL asa diameter di*aw a circle cutting A M in 

AN. 
N: then . -,- will he the required ratio of lap at eduction-side to 

half-travel. 

About A draw the circular arc N P, cutting the circle A L 
again in P; join A P; then A P will be the requii-ed position of 
the crank at the instant when cushioning hegins. 

RuLB IIL-^Given, the data and results of Rule I., and the 
jioeitiony A Q, of the crank at the instant of cushioning; to find 
the ratio of lap at the eduction-side to half-travel, and the positif 
of the crank at the instant of release — produce F A as bcfoi 
onAIiBFAasa diameter draw a circle cutting A Q in i 
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A P . . 

-jT-Y will be the required ratio of lap at the eductiaiv-side to IiaJ/- 

traveL 

About A draw the circular arc P N, cutting the circle A L 
again in N; join A N : A N will be the position of the crank at 
the instant of release. 

Rule IV. — Given, the angular advance of the eccentric, the 
half- travel of the slide, and the lap at both sides; to find the 
positions of the crank at the instants of admission, cut-off, release, 
and cushioning. Draw the straight lines BAG and X A 03 per- 
pendicular to each other; and take B and G to represent the dead 
points. Let the arrow denote the direction of rotation. Draw 
F A L, making the angle E A X = the angular advance of the 
eccentric; and make A F = A L = half-travel. On A F and 
A L as diameters, draw circles. About A, with a radius equal to 
the lap at the induction-side, draw an arc cutting the circle on 
A F in H and G; also, with a radius equal to the lap at the 
eduction-side, draw an arc cutting the circle on A L in N and P. 
Draw the straight lines, AHE, AGD, ANM, APQ. These 
will represent respectively the positions of the crank at the instants 
of admission, cut-off y release, and cvMhioning. 

B.ULE Y. — For an eccentric to drive a separate eospansion gridiron 
slide-valve^ make the angular advance 90°; also make width of 
openings -f- half-travel of valve = sine of angle made by position 
of crank when steam is cut-off with position at dead point. 

4. iiink-ifEoUon.— In ^g. 109 let A be the axis of the shaft; A B, 
the forwai'd eccentric radius; A G, the backward eccentric radius; 



Fig. 109. 

B D, the forward, and C E, the backward eccentric rods; D E, the 
link; F, the slider or stud. Radius of curvature of link = length 
of rods, or nearly so. 

Rule YI. — To find the motion of the slide valve produced by 
any intermediate position of the stud, such as F. 

With a radius bearing the same proportion to half the distance 
B C, that the length of the rods B D bears to that of the link D E, 
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draw ihe arc B C* If the eccentric rods ai*e so placed (as in the 
figure) that when the eccentrics are inclined towards the link, the 
rods are crossed, make the arc B C convex towards the axis A. If 
the eooentric rods are so placed as not to be crossed when the 
eooentrics are inclined towards the link, make the arc B C concave 
towards A. In that arc take a point, K, dividing it in the same 
proportion in which the stud F divides the link D K Then the 
motion of the stud, F, will be veiy nearly the same as if it wei*e 
direcilj connected by a rod K F with a crank A K. Consequently, 
firom the half-Vramd^ A K, and the angular advance, of that sup- 
posed crank, the motions of the slide-valve and their effects may be 
deduced by Rule IV. of the preceding Article. 

5. NMHLinal Hane-p«wer. — I. Ordinary Eule fiyr Condensing 
EngiMS. — Multiply the cube root of the stroke in feet by the 
aqiuire of the diameter of the cylinder in inches, and divide by 
60. 

II. Admirodty Rvlefor Screw-PropeUer Engines ordy. — Multiply 
the mean velocity of the piston hi feet per minute by the square of 
its diameter in inches, and divide by 6,000. 

III. Rvlefor N<m-Condensing Engines, — Multiply the cube root 
of the stroke in feet by the squai*e of the diameter of the cylinder 
in inches, and divide by 20. 

The indicated power of steam engines ranges from once to six 
Umea the nominal power. 

*Thi8 construction is due to Mr. M'Farlane Gray (see his Geometry 
qfiheSUde VcUve.) 



303 



ADDENDA TO PART IX., SECTION I. 



Fusion •€ Solids.— The following are the melting points of a few 
of the more important substances. Those marked ? have been 
measured by the pyrometer : — 



Fahr. 



Fahr. 



Bismuth, 493° 

Lead, ... 630 

Zinc, 700 ? 

Silver, 1,280 f 

Brass, 1,869 ^ 

Copper, 2,548 ? 

Gold, 2,590 ] 

Cast-iron, 3>479 ' 

Wrought-iron, higher, 
but uncertain. • 



Mercury, — 38° 

Ice . + "^2 
Alloy— Tin 3, lead 5, i 

bismuth 8, about, J 

Sulphur, 228 

Alloy— Tin 4, bismuth 5, ) , 

leadl, I ^4^ 

Alloy— Tin 1, bismuth 1, 286 

Alloy— Tin 3, lead 2, 334 

Alloy — Tin 2, bismuth 1, 334 

Tin, 426 

Latent lieat of fusion of ice, about 140 British units; of tin, 
500. 

Flow of Gases.— Let the pressure, bulkiness, and absolute tem- 
perature of a gas within a vessel be p^, v-^, t^, and without the 
vessel, jOgj ^2> "^2^ ^^^ ^^^ Po ^0 ^® *^® value oi pv for the absolute 
temperature r^ of melting ice. (See page 278.) Let y be the 
ratio in which the specific heat of the gas is greater at constant 
pressure than at constant volume; 

Let O be the area of an orifice through which the gas escapes 
from the vessel ; 

k, a co-efficient of contraction, or of efflux, so that the effective area 
of the orifice is ^ O ; 

Uy the maximum velocity which the particles of the gas acquire 
in escaping, when there is no friction; 

W, the weight of the gas which escapes in a second ; then, 

Values ot y. air, 1-408 •, B\,eax(i-^is,a!owi\.V^. 



tmi' 



ADDENDA. 303 

Yalues of the oo-efficient of efflux k for air (Weisbach) : — 

Obnoidal mouthpieces, of the form of the con- \ k 

tracted vein, with effective pressures of from > 0*97 to 0*99 

•23 to 1*1 atmosphere, ) 

Circular orifices in thin plates, 0*563 to 0-788 

Short cylindrical mouthpieces, o*8i to 0*84 

The same, rounded at the inner end, 0*92 to 0*93 

Conical converging mouthpieces, 0*90 to 0*99 

The principles of the flow of liquids may be applied with- 
out sensible error to gases made to flow by small differences of 
pressure. 

Addendum to Part III., page 132. 

Iier^llMg by the Barometer.— To correct the difference of level 
given by the formula for variations in the force of gravity, divide 
by the co-efficient of g^ in the note to page 245. 



Addendum to Part YIL 

gricti— •€ lieather Collars.— The friction of the leather collar of 
% hydraulic press plunger is equal to the pressure upon a ring equal 
in circumferwice to the plunger, and of a breadth which, according 
to Mr- William More's experiments, is about A of the depth of 
bearing surface of the collar; and according to Mr. Hick's ex- 
periments, from -01 inch to -015 inch, according to the state of 
iahricataon of the collar. 



Addendum to Part VIII., page 274. 

Additi«Mil Resistance of Ship, due to short aAer^body. — Let V be 
flie speed in knots; I, the proper least length of after-body, in feet 
= f tT^j l\ the actual length of after-body; S, the area of midship 
section, in square feet; sin ^ y, the mean of the squares of the sines 
of tike angles of obliquity of the stream-lines of the after-body ; then, 
additional resistance in lbs. — 

= 5-66 sin 2 y . S a/ {l ^ y), nearly. 



c 
e 



"iiirtrengtlifor,^^ 
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Absolute temperatare (see Tempera- 
ture). 

unit of force, 104. 
Abutments, stability of^ 184. 
Acceleration, 245. 
Actual energy, 246. 
Adhesion oflocomotives, 243. 
Air, expansion and elasticity of, 280. 

for furnaces ; supply o^ 295. 

flow of, 302. 
Air-pump of steam engine, 297. 
Alumioium bronze, strength o^ 205. 
Angles, measures o^ 90. 

reduction of, to the centre, 130. 

taken by sextant, reduction o^ to 
the level, 130. 
Angle of repose, 180, 182. 

to set out a right, 127. 
Angular momentum, 247. 

velocity, measures of^ 102. 
Aqueducts (see Water). 
Arch, linear, or equilibrated rib (see 
Eib). 

of masonry or brickwork stability 
of, 188. 

strength of, 224. 
Area, measures of, 95. 
Areas, mensuration o^ 63, 129, 143. 
Asses, work o^ 251. 
Atmospheric pressure, 115, 132. 
Axis of rotation, 229. 
Axle, strength o^ 226, 249. 
Azimuth, 119. 

Back pressure (see Steam). 
Backwater from a weir, 265. 
Bands in mechanism, 235. 

friction of, 241. 
Barometer, levelling by, 132, 303. 
Bars, weight of, 153. 
Base of survey, to measure, 123. 
Beams, action of load on, 212. 

allowance for weight of, 220. 

continuous over piers, 224. 

cross-sections of equal streogth for, 
219. 



Beams, deflection of, 221. 

eflect of twisting on, 223. 

limiting length o( 221. 

of uniform strength, 219, 229. 

proportion of depth to span o^ 224. 

resilience of, 224. 

shearing action on, 216. 

stiflhess of, 221. 

strength of, 212. 

sudden load on, 216. 

to deduce stress £rom deflection 
of, 224. 

travelling load on, 216. 
Bed of stream, stability oj^ 268. 
Belts (see Bands). 
Bending, resistance to (see Beam). 
Bevel-wheels, 231. 
Blasting, labour of, 253. 
Blocks and tackle, 238. 
Blowing off; 297. 
Boiler, dimensions and fittings of. 297. 

efficiency of, 296. 

strength of, 207, 211, 297. 
Boiling point, levelling by, 133. 

effect of saltness on, 289. 
Boiling points (see Steam). 
Bolts, strength of, 208. 
Boring, labour of, 253. 
Bracing of frames, 168. 
Brake, 241. 

Brass, strength of, 195, 197. 
Breaking across, resistance to (see 

Beam). 
Brickmakine, labour of, 253. 
Brickwork, labour o^ 254. 

stabiUty of, 179. 
Bridges, framed, 169. 

girder (see Beams). 

iron or timber, arched, 225. 

stone and brick (see Arch). 

suspension, 227. 
Brine, blowing off, 297. 

boiling x)oints of, 289. 
Bronze, strength of; 195, 197. 
BuUding, labour of, 253, 254. 
Bu\kmea&,\41. 
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Buoyancy, 146, 157. 
Buttresses, 184. 

Cables, strength of; 204, 227. 

Canvas, strength o^ 205. 

Capacity for heat (see Specifi-^ heat). 

measures of, 99. 
Carbon (see Fuel). 
Cascade, 267 

Catenarian curves, tables of co- 
ordinates of, 175. 

ribs, 174. 
Catenary, 80, 174. 
Cement, strength of^ 20.3. 
Centres for arches, 190, 255. 
Centre of buoyancy, 157. 

of gravity, 153. 

of magnitude, 81. 

of osculation or percussion, 155. 

of i)ressure, 156. 
Centrifugal force, 246. 
Chains, equilibrium of, 170. 

strength of, 227. 
Chairs, railway, weight of; 244. 
Channel, flow in, 264. 

stability of bed o^ 268. 
Charcoal (see Fuel). 
Chimney, 297. 

Circular lengths and areas, 39, 42, 
68, 77. 

arcs, 61, 77. 
Clearance, 291, 294 
Coal (see Fuel). 
Coke (see Fuel). 
Collapsing, resistance to, 211. 
Columns, strength of, 209. 
Combustion (see Fuel). 
Compression, resistance to, 209. 
Concrete, strength of, 203. 
Condensation-water, 295. 
Condenser, common, 297. 

surface, 298. 
Conduits (see Water). 
Cone, to measure, 71, 73, 74 
Connecting-rod, strength of, 209, 250. 
Contraction of stream, 259. 
Copper, strength of; 195, 197. 
Couples, statical, 161. 
Crank, motion o^ 236. 
Cross -breaking, resistance to (see 

Beam). 
Crushing, resistance to, tables, 197, 

201, 203, 205; rules, 209. 
CJubes of numbers, 1, 11. 
Ourrent (see Water). 
Curvature of the earth, 117. 



Curvature of the earth, coirectioii for, 

131. 
Curves, measurement of the length 
of, 74 

on railways, cant o^ 139, 142. 

setting out, 133, 139. 
Cut-off (see Steam, action of). 
Cuttings (see Earthwork). 
Cylinder, capacity o^ for steam, 293. 

strength of, 207, 211. 

Day, mean solar, 90. 

sidereal, 90. 
Deflection of beams, 221. 
Density, 147. 
Deviating force, 246. 
Diagram of work, 242. 
Dip of horizon, 122. 
Discharge, co-efficients of, 259. 
Drainage area (see Bain-feJl). 

Earth, curvature of the, 117, 131. 

dimensions of the, 117. 

heaviness of; 152. 

natural slope of; 180. 

pressure o^ 179, 180, 188. 
Earthwork, breadths o^ 142. 

labour of, 253. 

mensuration oi^ 143. 

setting-out, 142. 
Eccentric (see Slide valve gearing). 
Efficiency, conditions of greatest, in 
heat engines, 277. 

of a fall of water, 269. 

of furnace and boiler, 296. 

of machines, 239. 

of propellers, 275. 

of steam, 293. 

of turbines, 269. 

of vertical water-wheels, 269. 
Effort, 240. 
Elasticity of gases, 278, 280. 

of solids, 195. 
Elliptic areas, 69. 

arcs, to measure, 78. 
Embankments (see Earthwork). 
Energy, 239. 

actual, 246. 

actual, of a rotating body, 247. 

of heat, 277. 

potential, 239. 
Epicycloidal teeth (see Teeth). 
Equilibrated arch (see Arch). 
Equivalent, dynamical, of heat, 277. 
Evaporation, factors o^ 284 
\ latent heat o^ 283. 
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Evaporation, total heat o^ 283. 

unit o^' 105, 277. 
Excavation (see Earthwork). 
Expansion bv heat, 147, 280. 

by the slide valve, 298. 

valve, 300. 
Expansive action of steam, 290, 292. 

Factors of safety, 205. 

Falling body, 248. 

Fall of water, energy o^ 269. 

Feed-pump, 298. 

Feed-water, 294. 

Fifth powers and sqnares, 32. 

Floats of water-wheel, 272, 273. 

Flow of water (see Water). 

of gas, 302. 
Flues, dimensions o^ 297. 

• strength of, 211. 
Fly-wheels, 247. 
Foot-pound, 103. 
Force, absolute unit of, 104. 

centrifugal, 246.- 

component, 159. 

distributed, 146, 158. 

driving, 240. 

resultant, 158, 159. 

work of varying, 242. 
Forces, composition and resolution 
o^ 158, 159. 

parallel, 162. 
Foundations, iron tubular, 254. 

on piles, 182. 

ordinary, 181. 
Frames^ bracing of, 168. 

equihbrium and stability of, 165, 
169. 
Friction, moment of^ 241. 

of earth, 180. 

of machines, 240, 30a 

strap, 241. 
Frictional stability of masonry, 186. 
Fuel, available heat of combustion 
0^296. 

expenditure o^ 296. 

supply of air to, 295. 

total heat of combustion of, 295. 
Furnace and boiler, dimensions and 
fittings o^ 297. 

efficiency o^ 29C. 
Fusion, 302. 

Gaps in station-lines, to measure, 

128. 
Gases, expansion and elasticity o^ 

148, m 



Gases, flow of, 302. 

heaviness o^ 149. 

properties of^ 278. 
Gathering-ground (see Eain-fall). 
Gearmg, 298. 

Geodesy, engineering, 117. 
Girder (see Beams). 

continuous, 224 

stiffening, for suspension bridges^ 
226. 
Governor (see Pendulum, revolving), 

246. 
Gradients, ruling, 244. 
Granite, strength of, 197, 203. 
Gravity, accelerating effect o^ 245. 

centre of, 153. 

motion under, 248. 

specific, 146. 

specific, table of, 149. 
Gyration, radius of, 154. 

Head due to velocity, 249. 

of water, 256. 
Headings, labour of driving, 253. 
Heat, dynamical equivalent of, 277. 

engines, efficiency of, 277. 

expansion by, 147, 148, 278, 280. 

expenditure o^ in an engine, 283, 
293. 

intensity o£, or temperature, 105, 
106, 277, 280. 

latent, 105, 283. 

of combustion, 295. 

quantities of^ 105. 

specific, 277, 278, 279. 

unit of, 105. 
Heating sur&ce, 296. 
Heaviness, 102, 147. 

tables of, 149. 
Height due to velocity, 248. 

table of, 249. 
Hoop, stress of, 176. 
Horse-power, 104. 

indicated, of steam engine, 289. 

nominal, 301. 
Horses, work o^ 251. 
Hydraulic press, strength o^ 208. 

ram, 273. 
Hydraulics, 256. 
Hydrocarbons (see Fuel). 
Hydrogen (see Fuel). 
Hyperbolic areas, 70. 

logarithms, 35, 38. 

Ice, meltinff of; 302. 
Impniae, 2&. 
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Indicated power, 289. 
Indicator, steam engine, 242. 
Inertia, moment of^ 154. 

reduced, 249. 
Injection water (see Condensation). 

valve or sluice, 297. 
Injector, 297. 

Intensity of pressure, 103, 115. 
Iron arched ribs (see Bibs). 

beams (see Beams). 

bridges (see Bridges). 

cast, strength of, 195, 197, 199, 
201. 

chains (see Chains). 

fastenings, 208. 

malleable and steely, strength of, 
191, 200, 201. 

pipes, strength of; 207, 268. 

resilience of, 194. 

struts and pillars, 209. 

Jet-propeller, 275. 
Journals, strength of; 226, 249. 
Jumping holes in rock, labour of, 
253. 

Keys, strength o^ 208. 
Kilogramine, 97. 
Kilogramm^tre, 104. 
Knot, or nautical mile, per hour, 
102. 

Labour, 253. 
Land measures, 95. 

mensuration of; 129. 
Latent heat of evaporation, 283. 

heat of fusion, 302. 
Latitude of a place, to find, 122. 

length of a minute of, 117, 118. 
Length, measures of, 92. 
Level, for angles, 130. 

reduction "to the, for distances, 
127. 
Levelling, 131. 

by the barometer, 132, 303. 

by the boiling point of water, 133. 
link motion, 300. 
Linkwork in mechanism, 236. 
Locomotive engine, adhesion of, 243. 

tractive force of, 244. 

weight of, 244. 

woii of, 245. 
Logarithms, common, 1, 11. 

hyperhoUCf 35, 38. 
Longitude, Jength of amiimte oi, \n 
118. 



Machines, 228. 

balancing of, 241. 

driving force o^ 240. 

friction of, 240. 

reduced inertia of, 249. . 

varied motion of; 245. 

work of (see Work). 
Magnitude, centre o^ 81. 
Man, work of, 252 (see Labour). 
Masoniy, labour o^ 253, 254. 

stability of; 179. 
Mass, centre of (see Centre ( 

gravity). 
Measures, British and French, con 
parative table o^ 110. 

multipliers for conversion o^ 10] 
112. 

of absolute force, 104. 

of angles, 90. 

of area, 95. 

of capacity, 99. 

of heat, 105. 

of heaviness, 102. 

of intensity of pressure, 103. 

of length, 92, 95, 96, 99. 

of statical moment, 104. 

of stress, 103. 

of temperature, 105. 

of time, 90. 

of value, 100. 

of velocity, 102. 

of volume, 96. 

of weight, 97. 

of work, 103. 

solid, 96. 

superficial, 95. 
Mechanism, 231. 
Melting points, 302. 
Men, work of; 252. 
Meridian, to find the, 119. 

leogth of arcs o^ 117, 118. 
Metre, 92. 
Mile, 92, 93, 94. 

nautical,. 93. 
Mines, labour of driving, 253. 
Moment, measures o^ 104. 

of inertia, 154. 

of sail, 275. 

of stability, 185. 

of weight, 153. 
Momentum, 245. 
Moneys, 300. 
Mortar, strength of, 203. 
\ Miot\o\ia, eom^axison o^ 228. 
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Nautical mile, 93. 

Kominal horse-power of engines, 301. 

Notches, flow of water through, 261. 

ORmcB, flpw through (see Water). 
Oscillation, centre ot (see Centre). 
Overshot water-wheels, 269, 270. 
Oxen, work o^ 251. 

Paddlbs, 275. 
Parabola, area o^ 63. 

length o^ 79. 
Parallel forces, 162. 

motion, 236. 
Peat (see Fuel). 
Pendulum, revolving, 246. 
Percussion, centre of^ 155. 
Periodical motion, 238. 
Piles for foundations, 182. 

screw, 183. 
Pillars, strength o^ 209. 
Pins, stren^h of, 20& 
Pipes, friction in, 258. 

flow in, 263. 

strength o^ 207, 26a 
Piston, 238. 

rod, strength o^ 210, 250. 
Planimeter or platometer, 80. 
Plank roads, labour of making, 255. 
Plans, scales for, 125. 
Plates, buckled, strength o^ 227. 

weight o^ 153. 
Platometer, 80. 
Polygons, regular, 88. 
Porta, steam, 289, 298. 
Poets, strength of, 209. 
Potential energy, 239. 
Pound, standard, avoirdupois, 97. 

sterling, 100. 
Power, measurement of, 104, 239. 

muscular, 250. 

of a &11 of water, 269. 

of steam engines (see Steam). 

of windmills, 270. 
Press, hydraulic, strength of, 207. 
Pressure, centre of^ 156. • 

intensity oi; 103, 115. 

of earth, 179, 180, 183. 

of steam (see Steam). 

of the atmosphere, 115, 132. 

of water, 103, 179 (see Head). 
Prime fiw^rs, 33. 
Projections, parallel, 87. 
Prcpellers, 275. 
Propnlsion of vessels, 274 303. 
Pull (aee Teoaion). 



Pulleys and belts, 235, 238, 241. 
Pumps for steam engines, 297. 

QuAKRTiNO, labour of^ 253. 

Rails for railways, 244. 
Railways, breadths of^ 141. 

curves on, 133. 

power exerted by locomotives on, 
245. 

resistance of vehicles on, 243. 

ruling gradients oi, 244 
Rain-faS, 267. 
Ram, hydraulic, 273. 
Ranging (see Setting-out), 133. 
Re-action of moving body, 246. 

water-wheel, 273. 
Reciprocals of nimibers, 1, 11, 31. 
Reduced inertia, 249. 
Reduction of resistances in machines 

to the driving point, 240. 
Refraction, astronomical, 122. 

correction of levels for, 131. 
Repose, angle o( 180, 182. 
Reservoir, time of emptying, 207. 
Resilience of beam, 224. 

of iron and steel, 194. 

ofsUk, 204. 
Resistance of carriages on roads, 242. 

of earth, 181, 183. 

of machines (see Friction). 

of materials (see Strength). 

of railway trains and engines, 243. 

of ships, 274, 303. 

of water in x>ipes stnd channels, 
257, 258. 
Resolution of forces, 158, 159. 
Resultant of couples, 161. 
. of distributed force, 158. 

of inclined forces, 158, 160. 

of parallel forces, 162. 

of stress, 158. 

of weight, 158. 
Retaining walls, stability of^ 184. 
Retardation, 245. 

Revfitements (see Retaining walls). 
Rhumbs, table o^ 89. 
Ribs, arched, equilibrium o^ 174, 176. 

strength of, 225. 
Right angle, to set-out, 127. 
River - bed, stability o^ 268 (see 

Water-channels) . 
Rivets, strength o^ 208. 
Rivetted joints, strength of, 20*7 
Rivettins, labour ol, 255. 
Roads, plank, \a\>o\]ii oi i^i^s^ 
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Hoads, resistance of vehicles on, 242. 
Bods, weight of^ 153. 
Kock-blasting, labour of, 253. 

boring, 25£ 

fonndations, 181. 

heaviness of^ 152. 

qnanying, 253. 

tunnelling in, 253. 

(See also Stone.) 
Ropes, strength of, 204. 
Rotation, 229. 

actual energy of, 247. 

angular velocity ofi 102. 

axis o^ 229. 
Rupture, modulus o^ 198, 201, 202. 

Safety, factors o^ 205. 

valve, 297. 
Sails of ships, 275. 
Sandstone, strength o^ 197, 198, 

203. 
Scales for plans, 125. 

for sections, 126. 
Screws in mechanism, 235. 
Screw jriles, 183. 

propeller, 275. 
Sections, method o^ applied to frame- 
work, 169. 

scales for, 126. 
Setting-out curves, 133. 

slopes and breadths, 142. 

works, 133. 
Sextant angles, to reduce to the 

level, 130. 
Shafts, strength of, 226, 249. 
Shearing, resistance to, 197, 201. 

208. 
Ships (see Vessels). 
Simpson's Rules, 64. 
Sines, 61. 

Slate, strength o^ 195. 
Slide valve gearing, 298. 
Sluices, discharge from, 263. 
Solid, centre of magnitude of, 84. 

measures, 96. 
Solids, mensuration o^ 72. 
Soundings, reduction o^ 133. 
Specific gravity, 146. 

tables of, 149, 278, 279. 

heat, 277, 278, 279. 
Speed-cones, 235. 
Speed, measures of, 102. 
Spheres, strength of, 207. 

vdlnme of, 73. 

weight of, 153. 

Sr^i^ — «7 areas, 71. 



Spherical excess, 55. 

triangles, 55, 58. 
Squares of numbers, 1, 11. 
Stability of masonry, 179. 

of vessels, 275. 
Stars, declinaUons of^ 121. 
Station-lines of surveys, 119, 128. 
Steam, action o^ on piston, 289, 290, 
292. 

back pressure of^ 291. 

density of; 283, 285, 289. 

efficiency of; 293. 

expenditure of fuel on, 296. 
of heat on, 293. 
of water on, 294. 

engines, dimensions o^ 293, 297. 

latent heat of, 283, 284. 

mean pressure of, 290, 292. 

passages, resistance of, 289. 

pressure of saturation o^ 283, 285, 
289. 

room (see Boiler). 

tables relating to action o^ 285, 
292. 

total iieat o^ 283, 284. 

valve, 298. 

volume of, 283, 285, 289. 
Steel, resilience o^ 194. 

strength of, 191, 200. 
Stifi&iess of beams, 221. 
Stones, heaviness of, 152. 

strength of; 195, 197, 198, 203. 
Stream (see Water). 
Strength of axles, 226. 

of beams, 212. 

of boilers and cylinders, 207, 211. 

of bolts, pins, keys, and rivets, 
208. 

of machinery, 249. 

of pillars and struts, 209. 

of pipes, 207, 208. 

of ropes and cables, 204. 

of shafts, 226, 249. 

of spheres, 207. 

of suspension bridges, 173, 225, 
226. 

of teeth, 233. 

of tie-bars, 206. 

of tubes and flues, 207, 211. 

of wheels, 250. 

rules for, 205. 

tables of; 191. 
Stress, measures of; 103. 
Stretching, resistance to, 195, 206. 
Struts, strength of; 209. 
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Sniface, heating (see Heating sur- 

face). 
Survey, base for (see Base). 

scales for, 125. 
Surveying, 127. 
Suspension bridge, 173, 225. 

stiffening girder for, 226. 

Tackle, 238. 
Tangents, 61. 
Tearing, resistance ' to, 191, 195, 



Teeth of wheels, dimensions and 

figure of; 233. 
str^gth of; 233, 250. 
Temperature, 105, 106, 277, 280. 
Tenaciiy (see Tearing, resistance 

to). 
Tie-line in surveying, 127. 
Ties, strei^th of, 206. 
Timber, labour of working, 254. 

strength of; 196, 198,^202. 
Time, measure of, 90. 
Thermodynamics, 277. 
Thermometers (see Temperature). 
Towers, stability of, 184. 
Towns, demand of water for, 268. 
Trains, railway, resistance o^ 243. 
Transport of loads by muscular power, 

251, 252. 
Transverse strength (see Eupture and 

Beams). 
Triangles, approximate solution of 

spherical, 58. 
solution of plane, 53. 
solution of spherical, 55. 
Trigonometrical rules, 52. 
Trigonometry, use o^ in surveying, 

129. 
Trochoid, 70. 
Trass (see Frame). 
Tubes, strengtii oi; 207, 211. 
Turbines, efficiency of; 269. 

dimensions and figure oj^ 272. 
Tunnels, arching o^ 188. 

labour of excavation in, 253. 
Turning (see Rotation). 
Twisting, resistance to (see Axles). 

Unbehshot water-wheels, 269, 271. 
272. 

Valttb, measures o^ 300. 
Valve, safety, 297. 

slide, 298. 
Vaulta^ stability of (see Arch). 



Velocities, virtual, principle o^ 240. 
Velocity, measures of, 102. 

angular, measures of, 102. 
Vessels, propulsion o^ 274. 

resistance of, 274, 303. 

sails of, 275. 

stability of; 275. 
Virtual velocities, 240. 
Vis-viva (see Energy, actual). 
Volumes, measurement o^ 72. 
Viaducts (see Bridges). 

Walls, stability of, 184. 
Water-channels, discharge o^ 264 

resistance of; 257. 

stability of, 268. 
Water, contraction of streams of, 
259. 

demand for, in towns, 268. 

discharge of; from orifices, notches, 
and sluices, 263. 

expansion of, by heat, 147. 

flow of, 256. 

gauging, 260. 

head of, 256, 257. 

measurement of flow of, 260. 

power, 269. 

pressure engines, 269. 

pressure o^ 179. 

ram, 273. 

suppljr of, by rain-fall, 267. 
Water-pipes, discharge through, 263. 

resistance in, 258. 

strength o^ 268. 
Water-wheels, dimensions and figure 
of, 270. 

efficiency of, 269. 

horizontal (see Turbines). 

vertical, 269, 270. 

re-action, 273. 
Water-wheel in an open surrent, 

272. 
Wave-lines, area of; 70. 
Weight, measures of; 97. 

tables of; 149. 
Weirs, 261, 265. 

cascade from, 267. 

swell and backwater from, 265. 
Wheels, 231. 

bevel, 231. 

paddle, 275. 

skew-bevel, 232. 

strength of; 250. 

teeth of; 233. 
Wind, action o^ on towers and 
neys, 1S4. 
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Wind, pressure o£, 276. 
Windmills, 273. 
Wood (see Fuel). 

Work, against varying resistance, 
242. 

calculation of, 2.38. 

during retardation, 245. 



Work, measnres ot, 102. 

of acceleration, 245. 

represented by an area, 242. 

useful and wasteful, 2391 
Works, setting out, 133. 

Yard, standard, 92. 
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Hindoo EehgioUj Mormonism, etc., etc. Cloth, 8to^ bevelled boaJH 
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CHABISS OBXTFIK AlTD CO.'S 



BeUgious and Moral Mnecdotes. 

These anecdotes relate to no trifling subject ; and thej have been selected, not 
only for amusement, but for instruction. By those engaged in the tuition of 
the rising generation they will be found highly useful. With an Introdoetory 
Essay by the Bey. Q-Bosas Chbeyes, B.D. Gwvn 8yo, cloth, 3^. 6(2. 

Sacred History and Biography^ 

From the Antediluvian Period to the Time of the Prophet Malachi, A.M. 1 to 
A.M. 3607, B.C. 397. Edited by the Eev. F. A. Cox, D.D., LL.D. «#. 

"Pleasiiig and good, and worthy of general attentioft."— 17mfo<I PrnkyUrian JUaffaaine, 



Sacred Lyre [The), 



Comprising Poems, Beyotional, Moral and Preceptiye, including many Original 
Pieces. Twenty-second thousand. Medium S2mo, doth, plain, 1«.; with 
gUt edges, Is. 6d, 



Sacred Offering [The), 



Consisting of Hymns, Original and Selected. By William Cowpbb, James 
MoNTGOMEBY, and Eey, John Newton, etc. New Edition, 18mo, fency 
binding, 3«. Qd, 

Sacred Thoughts for Quiet Sows. 

By the Rev. Canon Wobdswobth, Rev. Hbnby Meltxllb, Bey. Oahoh 
Stowell, Rev. Walteb Hook, The Bishop of Oxeobd, The Abchbishop 
OF Dublin, Rev. Daniel Mooee, etc., etc. With an Introductory Charge on 
Preaching, by the Venerable Abchdeacon Sinclair. Fcap. 8vo, cloth gilt, 
3*. U. 

Scott — A Commentary on the Bible ; 

Containing the Old and New Testaments, according to the Authorized Version. 
New Edition, with Explanatory Notes. By Rev. Thomas Scott. With Prac- 
tical Observations, Copious Marginal References, Indexes, etc. 3 vols, royal 
4to, cloth, 63«. ; calf, marble edges, dOs, ; Levant morocco, antique, gilt edges, 
130f. 

Scripture Beadings : 

The Bible familiarly Explained to the Young. Edited by the Rey. Dr. 
Jamieson. New Edition, with Illustrations, fcap. 8vo, cloth, 2*. 6d, 

Sermons for Sahhath Bvenings. 

By Rev. Thomas Outhbie, D.D., Rev. James BEoa, Rev. Akbbbw Obay, 
Rev. R. S. Candlish, D.D., etc., etc. With an Introduction by HuoH 
Millee. Small 8vo, cloth, 2s. 6d. 

Young CJiristian [The). 

A familiar Illustration oi the "PtmcvgiVe^ of Chriatian Duty. By Jacob 
Abbott, Principal of the Mount ^emoiv^ciMiXft ^Oiv^^^^.^i, "^Acii«^'««vtk 
JVoies, by the Rev. J. W. Curmms\ia.ia,l&.A-,^Sfi«t ^i^asat«M<, ^^«^'^^^^ 
cloth, 2^. 6d. 



ouuxDatra op Boosfl. 



SCIENTIFIC toHKS. 
The Science and Practice of Medicifie, 

"With a Map by Koitti Johnstonj showing the GJeographio DiHtributiafn of 
Disea»3p l^ourth edition, reviBed, and portit>Da reirritfcen. By WiIiLIIm 
AiTiLBiXj M.D^j Edin., Professor of Fftthologj >u the Army Medical &{;hool, 
etc., etc, J etc. lu two TOlumcej largo 8yOf cloth, 34*. 

" Use ' Eidenoe and Prwjtitre of BlediciiiB * muflt ngir be looked upon u tlie At&ndard ttt^it^book 
in the English laagOAgft.'^— Jfn^fifA 3£tdic(d J^ournatf Koremb^r Ist^ 1865^ 

^'Thepreaant work ootitaiiii mfoimbtJau tlLat will not N focmdl m tuy ather mawrtftl of 

• , ^'Tlio book m the most camprehebfiTe of saj thikt hflT« in Jntg yc&ra Leen publkhecL an thfl 

^ ; ?fictk« of Medieinfl/ '— ^ri/itA Medical Jiju.r7i(tL 

*^A more flxeeJJeut work we roaJllf do Dot know." — Lancet^ 

**'We iQOat ttroELely rBaommsiid Br, AiUcen'3 work to evsry BtadAut iiad piaotitiozicc of 
medkme."— JfffjIicoT 2^4 1 and GaseHe* 

The Trtmh of the Human Body {Outlhie Fignres of). 

On which to indicate tho arcoa of physical signj^ in the CUnicul Diagnoais 
of Disease. For the uae of StudeoU and Pructltioner^ of Medicine. 3j 
WuiiAM AiXEKir, M.D. as. 

The Growth of the Becrnit 

And the Young S oldie r^ with d. view to the Selection of *' Growing Lnda," 
and Trskiing them, By Wixuam Aitkes, M.D. ISino, cloth, i^s. Gfi, 

Dm^^s {Sir Sufr^hrmf) Lectures on AgricuUuraV 



Kew Edition, tdi tod, with great addifciona^ hy Dr. Sheih. 8to, clflth, 3if.6tii 

Mectro Metalhirgy t 

Containing an Account of the most ImproTed Methods of Depofiiting Copper, 
Silver, Gold, and other Met^ilB, Fifth Edition, with numerous Illasbra^tions, 
hj James Napier, P^C.S. 3*. M^ 
''Wilh thii hook \\ hoad, wo don't think it poasiblo tq JalL la DbtiiiaiD£ saliafaotcry 



Mo^io {The) of Science : 



A Manual of Easy and InstructL^e Scientific E^erimenta, By JiarEe Wtlde, 
formerly Lecturer on NaturaJ Philosophy at the Poljteohmc. With many 
himd7«d EngTAvings. Grown Svo^ cloth gilt, 5^. 

•■ AmGDt^ the m&ny booki written to makii Mienca * pLea?-ant ^ tbid h one of the TCrjf bfflri- 
a nBipl«r free firoui tadiblcAl tertmij, he far ad liOnaibie, uodyetthe experiments ur«) d£- 
'rttb Mmtifio Mooracj,"— ^jwcfafor. 

** To thoee who need to be allnred into the patha of catttTal science bj ?ritn(!93iTLg tliB 
folntnly tluit OML be produced bj well -eontrj rod oxporlmentHj we^onot know duft^ 
teeoDu&ead a mon meM Talume."— afAssiEiist, 



0H1BLS8 &BlFVnX ASJ) OO.'S 



aEDTB'S (JOM J.) WORKS. 
Chemical Becreations : 

A Popular Manual of Experimental Chemistrj. Tenth Edition, Beyised and 
greatly Enlarged, with numerous Engravings, orown 870, cloth — 

Dwision I, — First Course of Chemical Experiments, 28, 

„ IL — Chemistry of the Non-Metallic Elements, 10«. ^d, 

„ HL — Chemistry of the Metals, in preparation, 

A System of Crystallogrofh/ : 

With its application to Mineralogy. 8vo, cloth, 9s, 

The Badical Theory in Chemistry ; 

A new work, to Explain and Adjust the Present Nomenclature, and other 
points connected with the Science. Crown Sto, cloth, 12*. Qd. 

Series of Chemical Labels, 

Comprising all Useful Names for Bottles, etc. 8vo, sewed and gummed, 2*. 



Manual {J) of Electricity, 

Practical and Theoretical. By i\ C. Baebwell, Author of "Natural 
Evidences of a Future Life," Inventor of the Copying Electric Telegraph, 
etc., etc. Crown Svo, cloth, 3«. Qd. 

Manual of Dyeing Beceipts, 

With numerous Specimens of Dyed Cloths, Silks, etc. By James Napieb. 
Second Edition, revised and enlarged, post Svo, cloth, 7*. Qd, 

Metallurgy : 

A Practical Treatise on the Chemistry of the Metals. By John Aethfe 
Phillips, Esq., F.C.S. Second Ecfition, revised, illustrated by nearly 200 
engravings, 12«. Qd, 
**± tine qua non to every metallurgist." — Mining Journal, 

Fhotograjohy. 

By EoBEBT HmsT, F.E.S., Professor of Physical Science in the Metropolitan 
School of Science, London. Fifth Edition, numerous engravings, 6s, 

" Must prove of infiaite service to those engaged in the pursuit of this entertaining science." 
^—Art Journal, 

The Practice of Photography. 

By RoBEET Hunt, F.R.S. With numerous illustrations. Crown Svo, cloth 
limp. Is, 6d, 

Political Economy. 

By Nassau William Seniob, Esq., late Professor of Political Economy in 
*i»e UniverBity of Oxford. Fourth Edition, 4*. 
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PBOZESSOR RAIKDJE^S WORKS. 



Applied MeckmdcB ; 



Comprising Priuciplfls of Statics, Cinomatioa, and DyTiEimice» and Theorj of 
Structures, MeclianidQii and Machines. With numtiroUB liluBtrationa. Bj 
William John MicqcoEN Eankine, Civil Engineer, LL.D., F.KSS. Lond. 
and Edin.^ F,KS.S.A., E^giuB ProfeBflorof Civil Engineering and Mechanics 
in the UniFsrsity of Glasgow, Paat Preaideut of the lustitutian of Kngineerfl 
in Scotland, President of tho Philosophical 8ocietj of Glasgow, Honorary 
Member of the Literary and PhiltMophical Society of Manchester j of the 
^Royal Society of Taa mania, Honorary Member of the American Academy of 
Arts and Stiiencee, etc., etc Third Edition^ prit^e 1^, 6i., bound. 



The Steam Engine^ and other Prime Movers. 

With numerous Tables and Illustrations, Second Edition, price 12f» 
bound. 



6d,, 



CivU Engineerfng ; 



Comprising Engineering Surveys, Earth workt Foundations, MasoniYi Car- 
pentrjj Metal- Work, Eoads, RaiU*aySj Canals, Eireraj Water- Works, 
Harbours, etc^ With numerous TabL^a imd Illuatrations. Fourth Edition^ 
prioe IGf., bound. 



Jlmfiil Hfdes and Fables 



IV. 



For Architectg, Builders, Carpontera, Coachbuildcrs, EngraverSj Engineers, 
Founders, Mechanics, Shipbuilders, Surveyori, Wheelwrights, etc» Post St^o, 
doth, price 9*. 



Stdmttiftc Treatises. 



By Jbedeeick Scooedleh. Translated and Edited by Henry Medlock^E.C^S., 
etc.j etc., etc* Witli numerous 111 uat rations. Crown 8vo, cloth, Is. ^d., each. 



Elements of Aatronomj 
Elemtjnts of Botany 
Elements of Chemistry 



Elements of Geology and Mineralogj 
Ekments of Natural PhUosophj 
Elements of Zoology and Phy»iology 



Thmmon^B {Bohert Dtmdm, M,D., F,B,S.] Popular 

Dictionary of ChemiMr^, 

Practic&I Bud Theoretical, vrith its applications to Mineralogy, Physiology^ 
and the Arts. With numerous III ust rations. Post Sro, cloth, fts. 64. 

'^Its linutvd lUompaflSj ita {Hsmpletenesa utid correctaeyiflj recomnieDd thk Cxoloprndift of 
OtQUtij to &11 who fsei KEi iatere&t in tlic SciQi&ce,"— ^ACTnewm 

I "lo every reniiwet woriby of pmiae. It is ^thio a Ihnited apace hj fai the belt cnmptiDdium 
if Clietnutry which ?r« hitre jet bqcji,'' — Lancet. 

'*A fmcttcbl jpfirnal in the bfghest deffrfle," — Mimn^ jQurnaU 

^' SobitBiicea of impDrba.Ticc^ m the arta^ or agricuUnre, are treated by tlie hftiid of & lUftib 
. * H u uieely pnnt^ odiJ iUtistrated,'' — Qardeniff''^ Chfoniele^ 
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Treasury ofF0pular Skimee; 

A Cyclopfiedia of the Natural and Physical Sciences. By Fsn 
ScHOEDLEB, ProfcsBor of Natural Sciences. Translated and edited 1 
Medlock, Director of the Marlborough Street Laboratory. Post Sto, i 
OUB Illustrations^ doth antique, beyeUed, 7s. 6d,; morocco^ 16«. 

flnexpla/ined Phenomena {Essays on). 

By QsAHAH HvTOHBSOifr. 12iuo, doth, U, 

Veterinary Art: 

A Practical Treatise on the DiseaMS of the Horse. By W. G. Spoone: 
With Fi% Engravings, 8«. 



BOOKS FOR THE DRAWING -ROOI 

or UNRIVALLED BEAUTY, 
SUPERBLY ILLUSTRATED, ELEGANTLY BOUND. 

Authors {The) of England. 

A Series of Medallion Portraits of Modem Literary Characters. Ee 
from the Works of British Artists, in basso relieyo, by Aohille Oollas. 
illostrative notices, by Henry F. Ohoriey. New Edition, reyised, 8?c 



PIUIEFS lim AET ¥OEKS. 



Gallery of Modern Art: 



A Series of 31 highly-finished Steel Engravings, with Descriptive 1 
Mrs. S. C. Hall, Maex Howitt, and others. Folio, cloth extra, gili 
21*. 



II. 



Beauties of Moore : 

Being a Series of Portraits of his principal Female Characters, from Pi 
by eminent Artists, engraved in the highest style of Art, by Mr. E 
IxNDEN, with a Memoir of the Poet, and descriptive letter-press, foli 
extra, gilt edges> 42«. 

III. 

Drawing-room Table Booh : 

A Series of 31 highly-finished Steel Engravings, with descriptive- T 
Mrs. S. C. Hall, Maey Howitt, and ottiers. Folio, cloth extra, gi] 
21s. 

ir. 

The Boyal Gallery of British Art. 

4$ magrdQcent Engravings after Turner, Landseer, Stanfield, et' 
engraved by the Findgbks. Elephaiit folio, half-bound morocco, extrs 



OLfTAxoair^ at boo£S. 11 



Cfems from the Poets. 

I ilufi tinted* The Designs bj IT. A. LjdoHi and printed in coloura from wood 
blocks. Tffonty-Tim© benutifunj Coloured Pictureftj with letter-prosa. Im- 
perial 8vo, richly bound in clotk and gold, prica 15s j ov^ in moroiMJUj 30*. 

Golden Leams 

From the Worlfl of the Poets and Painters, Edited by Eobert Bell. Elus- 
tr&ted with sixty -five HnpcirbEngniTinga on etjtjeL In two volutncBt bound in 
walnntj most uniquo and beatitilul^ 4i£j. ; alflO, in one rolume^ full oal^ 4&s,^ 
and morocco eitm, 42«. 

^** Gulden LpfrTeOi^ is lit fUr the rooet mtpor taint booir of tfao seuom. Ths illoatratioui. *re 
lejijij' wofks of lurtj nod the vohimB does credit to thQ,tiLFlE of EnglEodp"— ^afHnla^ Mtuiev* 

*' The Foems Et>re selected with taste and judgment:,'' — Timft, 

"The «n[rrB.Tini;3 are from drs.'wiEigE bj StethaTd^ l^ewtDn, Da&byj Leslis^ and Tomcr^ and 
U^ needless to aajr bow charimiig are nmn j of tbe aboTfl borft i^^tSk,"—AikeTtaum^ 

" Mr. BeU haa pre&?rved ft Jadialoiis menu between too wide a rauf e of [loetfl and too unperfect 
a^»iUfOliOQ af poetrj] fiH^i^eUi^rr * tlokitiu Leaves' ia oiwof thn moat atlraatiTe of gifl^book s." 

QoldmmtWs [Oliver) Poetical Wbrlcs. 

With a Memoir by William Spalding, and nmneTOns Illustrations on a^I 
lad wood. Fools cap 4to, most elaborately gUt doth, 7^'* ^d* 

GraJmmeB Sabbath Walh, 

And other Poems. Highly illnatrated from deaigna by Birket Foster^ on 
wood, by Edrniiud Evans, and printed in the tno^t arlhstic style on tonod 
pttpcr. Handsomely boniid in an entireJy new and oiiginal binding, a?a, 
price 7ff, 6iL 

Rogarth — The TForls of William HogaHli^ 

In a Series of 150 Steel EngraTings by ths ^ir$fc ArtiHtaj with D«sc(dptiond by 
JSer. John Trualer^ »iid lijiroductory E&say on the Gierdus of Hogarth, by 
JamtB Ilannay. Small foiio^ cloth, gilt edges, 52#, M.\ half moroc^so, 63#. 

Landscape Fainter^ of Englo/^idi 

A Series of Twenty Sketches after the Great Englbh Landeeape Fftint&rs. 
engrared on steel by L. Marvey, with Koticos by W* M, CChackeray* Small 
folioj cloth elegant, 1 is, _^^ 

Mani/ T/wughts of Mang Mind^ : 

Jleing a Treasurj of Beferencej cousieting of Selections from the Writings d 
the moal celebrated authors. Compiled and analytically arranged by Hj£HX1 
South GATE, Fourteenth Thousand* Square Svo, printed on toned paper, 
elegant bindingj ]2s. 6d. ; morocco, £1 Is, 

" The produce of jeara of reBeiiirch/'^.EiraiiniMer, 

"X^eatmed ta take a hii^b piace awmaf^ bpckka of (lu^ cl*aaJ*-^Noteg ntul Qftsriei. 

** A Treasure to e^ery reiser who may ba Ibftnikate enough to posaeaa H.'^^En^thh Joftntal 

*'Tlie accnninlstion oftreumrcs traly wonderM/'— Jfe^rMtH^ Meratd. 

**Thifl is a wondfoua book." — Bailjf iV'fff*. 

*' IVortb Ue weight in ftold ti:^ literary meu^**—Suitdet. 
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12 CHABIS8 OBIFFnr AND OO/S 



The Poetry of the Year. 

lUiutrated witli a aeries of Drawings by Birket Foster, Harrison Weir, 
Barker, Le Jeane, E. Y. B., Duncan, Ijee, Qoi,, etc. Beautifully executed in 
Chromo-Lithography, and mounted. The Letter-press is carefully printed in 
the best manner on superfine tuned paper, and contains some of the finest 
Pastorals in our language. 4to, bound in cloth, beyelled boards, profusely 
gat, 21*. [i» the Press. 

Poets and Statesmen. 

Their Homes and Memorials in the neighbourhood of Windsor and Eton. 
By WiLLiAJC DowuNG. Illustrated with numerous exquisite steel Engra- 
vings. Small 4to, yeiy handsomely bound, cloth gilt, bevelled boards, gilt 
edges, 10«. 

Psalms of David [The). 

With elaborate Ornamental Borders, designed by John Franklin. New 
Edition. Elegantly bound in cloth and gold, price 10*. Qd. With Illuminated 
Title and F^ntispiece by Samuel Stanesby, 12*. Qd. 

Quartet [Francis) Emhlems, Divine and Moral. 

Illustrated by Charles Bennett and W. Harry Bogers, and beautifully 
engraved on wood by Swain and Evans. Many hundred Woodcuts. Boyal 
8vo, handsomely bound, price 12*. A few copies of this work, magnificently 
bound in antique carved oak, price 21*. 

ThomsorCs Seasons. 

Profusely Illustrated from designs by Pickersgill, Noel Humphreys, and 
Birket Foster. In 8vo, handsomely bound in cloth and gold, price 10*. 6(i. 



Shakespearian Creations. 



Illustrated with Photographs from the fine Paintings of Mr. Lewis, exhibited 
at Stratford-on-A.von on the celebration of the Shakespeare Tercentenary. 
Each Portrait and the accompanying Letter-press set in exquisite illuminated 
borders. Executed in the finest manner by Samuel Stanesby. Small 4to, 
handsomely bound in cloth and gold, price 21*. 



Voices of the Tear [The), 



Or, the Poet's Kalendar. Containing the choicest Pastorals in our language. 
Profusely illustrated by the best Artists. In bevelled boards, elaborately 
ornamented and gilt, 12*. 6(2. 



CATALOOUE OF BOOKS. 19 



POETICAL WOBKS, 

ADMIRABLY ADAPTED FOR PRESENTS AND SCHOOL PRIZES. 



THE ENGLISH POETS, 

WSX3 HIBTOBICikl^ JJTD OBITICAI* l^CkTES, MEMDISS A^B aXOBS^BtES, 

Bx EGBERT BELL. 

Uniformly b^iund m pftper CQT-er3} Is. each roL ; scarlet oLoth, 1j. 6^. In 
Boxburghe bmding^m sots Qnlj^ £2 1&^, ^ or in elegcint ItaUon mtjb, 2s, 6d. per 
TOh, or £3 10*^. per set, 

''If Mr. BeU had done notbibg more than erlit « . , < these poema . * . , h? would hftrebeen 
entilled to (be frratitude! oftbe publia/*— TYnttfi. 

" Mr. BeU w«iU meritB ttia deaisinatioa of a cawHil editor .'^-^-IVfiww*! Maffoan^^ 

"The best edidoDs in tbe rnarbat, Mr. BsU. ia & modek sditor/' — Edinburgh 2}aily JEvftet?. 

'* Jlr. BdJ has reallj conferred a boon U|K>n lh«^ readiPi^ pubhc."— Sdiwriiii^ i?#irfeir. 

JJfOW EEiJ>T, 20 VOLTTMES FCAP. 8V0| AS FOLLOWS:— 

I. 

Early Ballads^ illmtrative of Histor^^ TraMUom^ 

and OuBtoms. With Introductions and liotes. 

XI, 

Chmwer^i Poetical Wbrlcs, with Introdtiction^ Notes, 

Memobj and 0io8S{Lrj, Eight; volumes* 

III. 

Butler^s Poetical Works, with Notes and Memoir. 

iThxee voluraea. 

IT, 

Thomson^ Poetical Works, with Notes and Memoir. 

Two TolumcBp 

V, 

Shahpeare^s Poems and Sonnets^ with Notes and 

Memoir. 

TT. 

Bryden^s Poetical Works, including a complete Co^ 

lection of his Prologues and Epilogues, with a Memoii- and I^otat. Th; 
Yolumet, 

TII. 

Cowpers Poetical Works, with Illustrative Selee- 

tions from the Works of Lloyd, Cotton, Erooke, Darwin, and Hay ley. 



KDtes and Momoiw, containin^^ uopubliflhed Letters of Cowpfif. 
Tolumes. , 
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14 CWABT.1HI OBXFWIS ASD OO.'S 

BELL'S ENGLISH POETS.— Coirrannn). 
Yin. 

Poetical Works of the Earl of Surry ^ of Mmor 

Gontemponuieoas Poets, and of Saekrille, Lord Buckhurat. With Notes and 
MemouB. 

EC 

Songs from the Dramatists, from the First regular 

Com^j to the close of the ISth Centoiy ; indading the Songs of Shakspeare, 
Ben Jonson, Beaumont and Fletcher, Peele, Webster, etc. ; Shirley, Suckling, 
Dryden, Etberege, and the Wnters of the Bestoration ; Yanbrugh, Oongreve, 
Farquhar, Sheridui, etc. With Notes, Memoin, and Lidez. Third Edition. 

Wyatfs Poetical Works. With Notes and Memoir. 

XI. 

OldharrCs Poetical Works. With Notes and Memoir. 

xn. 

Wallerh Poetical Works. With Notes and Memoir. 

xm. 

Ben JonsoifCs Poems. With Notes and Memoir. 

XIV. 

Poems of Bohert Greene and Kit Marlowe. With 

Notes and Memoir. 

XV. 

Ancient Poems, Ballads, and Songs of the Peasantry 

of England. Taken down from Oral Recitation, and Transcribed from 
Priyate Manuscripts, Bare Broadsides, and Scarce Publications. Seoond . 
Edition. 



Cowper's Poetical Works. 

The Poems of William Cowper. With an Introductory Essay, by JAiTES 
MoNTOOMEET. Illustrated, small 8vo, cloth, 2*. 6rf. 

Cowper" s Poetical Works ; 

With Memoir by Qreathead. Pocket Editiok, 18mo, neat cloth, red 
edges. Is. Qd, 

Crabbers [Bev. George) The Borough, and other 

Poems, and Tales of the HajQ. Eoyal 8vo, cloth. In preparation, 

C z to the Passions, a/nd other Poe^ms ; and 

Works. Eoyal 8yo, cloth. In preparation. 
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GRIFFIN'S EMERALD GEMS. 

PariMMlar aiieniiQn is requested to iki^ ven/ lemttiful s^Us, The gr^at 
i/Heaey and vxqnUite beauty of the en(]frapin^s : th& e^ccellence of th^ typography ; 
\ fh qtiaint and antique, head and iml pieces, the ions and hemdy of the ffx^per^ 
I ihefim-fh and tasieftil de^nt^a of the htfidlng^ render ik^n the fno^t heaui^l 
*" r of voluvi^ etser issued from the press, 

toldsmit¥s Poetical Works. 

With a Memoir by William Spaidin^^ A.M. The ateol EngraTinga from 
Paintings by David Hoberta, Stan fields Lealie, and Stothard, Crawm BrOj 
doth and goldj price 3s. 6d. j morocco, S^. 

Mdgar Allan Poe^s Poetical Works. 

Edited with % Memoir by Ja^ces HAinrAT* The IllustrationB on i^ood "by 
Hatrison Weir, GodsFin, and Welioert, Crown Sto, clotli BJid goldj, price 
3^. 6d, i morocdbj 8*, 

Fkomas Ckattertonh Poems, 

With a Memoir by Frederick Miirfin. The steel EngraTinga from Patntinifs 
by It. B. Hay don, Levaint, and Howard, E,A- Crow^n 8to, oloth and gold, 
prlcf) 3^^. 6ii. ; morocco 8s* 

Byron^s CMlde SaroWs Pilgrimage^ 

With a Memoir by William Spaldinffj A.M. The eteel Eagravuigs from 
PEdii tings by Sir Tbomas Lnwrente, Cattermole, and D. KobertB, R>A. Crown 
Sto, cloth and gold, price 3«. M. j moroecoj 8j. 

Bohert Biirm' Songs and Ballads. 

With an Es&ay on hia Character and Genius by ThoMAS CabltIjE. The 
iteel Engravings from Paintings by ^nsrayth, Smipke, Bentleyj and Newton^ 
H.A. Fcap. 8vo, eloth and gold, price 3** 6(L ; morocco, &*. 

Uarli/ Ballad^; 

BlufltratiTe of History, TraditioBs, and Caatorag, With Four Illuahrations 
on etee], from Drawings by E- B. Hay don, Weatallj Eugene DevcHa, and 
Hoflaiid, and engraved in line by Lightfoot, Greatbach, and MitchelL 
Elegantly bound in cloth and gold, price 3s. 6d, 

Thomson^ s Seasons, and Castle of Indolence. 

Illnstrftted with fine Engraringa on Steel, from Drawings by David Eoberta^ 
Cat ter mole, Howard^ and Barret tj Et] graved iti line by Millen W. Finden, 
and Wallis. Handsomely bound in gre^n and gold, price 3^. 6ii. 

George Herberfs Poetical Works. 

With Memoir by J. Nichol, B.A., Oion, Professor of English Literature in 
the Univeraity of OLiHgow. Edited by C?HABX.Ea CoWd^n Olabkb* Fcttp, 
8?o, obth and gold, 3*. &d. ^ morocaoj Ba, 

Chafs Poetical Works. 

Life by thfl Rev. John Mitforil, and Lf^cfcures on his Writinge, by th© EABt 
of Oaelisle, Tho ateel Engruvinga from Drawing! by Cbarles W. Itiidciyllb. 
Crown Svo, cloth imd gold, price 5«. \ morocco, \^». %A. 

pother ToU. Va ^pr»gofta\Kcm 
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ftRDTDr's nvi sHiiiLnr& octavo series. 

The cheapest Books ever published, suitable alike for the library 
or Presentation. 

JBurns and Scott. 

The complete Poetical Works of Bobert Bums and Sir Walter Scott, witli 
Portraits on steel, and a fac-simile of a Poem and a characteristic letter of 
Bums. Boyal 8to, handsomely bound, 6«., with gilt edges, 6«. In calf, gilt, 
15*. 

Goldsmiths Works. 

The Works of Oliver Goldsmith, comprising his Poetical Works, Dramas, 
Vicar of Wakefield, Citizen of the World, etc. With a fac-simile of a 
humorous letter, a Memoir, by Williak Spalding) A.M., Professor of 
Logic in the University of St. Andrew's, a fine Portrait on steel, and 
numerous illustrations. Boyal 8vo, handsomely bound, 5«., with gilt edges, 
6«. ; in calf gilt, 15«. 

Poetic Voices of the Mghteenth Century. 

Comprising the Poems of Ghray, Beattie, Blair, Collins, Thomson, and Kirke 
White, with steel Portrait of Gray, and facsimile of the Elegy. Royal 8vo, 
handsomely bound, price 5«. ; with gilt edges, 6«. ; calf gilt, 16«. 

Masterpieces of Foreign Literatwre. 

Comprising Schiller's Tragedies, 6k>ethe's Faust, La Fontaine's Fables, and 
Saintine's Picciola. In one vol., royal 8vo, handsomely bound, 5«. ; wiih 
gilt edges, 6«. ; calf gilt, 15». 

*«* Several other Volumes in preparation. 

Kirhe White [Bemains of Henry). 

His Poems, Letters, Fragments, and Melancholy Hours. With Memoir, 
18mo, cloth, red edges, Is. Qd. 

Legendary and Romantic Ballads of Scotland. 

Edited and Annotated by Charlbs Mackat, LL.D., with Essay on 
Ancient Scottish Minstrelsy, by William Motherwell, Fcap. 8vo, cloth, 6*. 

Jacobite Ballads of Scotland: 

The Songs and Ballads of the Adherents of the House of Stuart, with Intro- 
duction and Notes, by Chablbs Maokay, LL.D. Fcap. 8vo, cloth, 6*. 

Ballads and Songs of the English CavaUers. 

Edited by Dr. Mackat, Fcap. 8vo, cloth, 5*. 

Pr 'ical Works. 

Mid Notes by Bev. Dr. Ceoly, LL.D. Frontispiece and Vig- 
ion, fcap. 8vo, cloth and gold, 8«. 6d, 
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Stratford Shakspeare {The). 



Edited bj Chtaeles Kktght. An entirely new and Etnproved Edition. With an 
introduction and a Life of Shakspeare, by the EDtTOii, Profusely Illmtmted 
bj Wiiliam Harr^y- In 6ix Toiumes. Bmnll 8?o, cloth, 21*. Half-bound 
jDOfoeoo e^tra, £1 l&s. In a handsome gliLsed library oase; compktei oloth, 
£1 5j. j half morocco, £2. 

Admirably auit^ for prosenlailon. 

♦,• Thii Edition of the Bramatie Works of the Immortal B&fd is tbe com- 
pleteat^ tlie most compact^ and one of tbe beat ever issued . Tho text is founded 
upon the beat nuthorlLiea, well printed in a large type. It m rendered more 
valuable by a Commentary, a Diutionary or Glo&aarjt the Various Beadingia of 
diiputed pasaage^, and an analytical tIgv^ of tho plot and cbaractorfl* Tbe 
commetite, etc., /ollmi* each play, for after reading, or for instant reference^ if 
neoeseary ; by this arrangenieutj tho reader's attention is nofc distracted by 
marginal notefl. 



Skakspeare, 



The complete Works of William Shakspeare^ eonsisting of his Plays and 
Poems from the standard text^ collated with all trustworthy commentators* 
Witli Eiographical and Critkal Essay, Introductory Koticea to each Play, 
Explanatory Notfl«, and a running Glossary of Obsolete Worda, Oustomsj etc. 
With a porlmt on steel. 8?o, doth^ bt. 

Bowdler^s Fmnily Shakspeare, 

The Family Edition, of the Dramatic Works of William Shakspeare, Edited, 
Berised, and Adapted for Family Reading by Thomab BoWuleb, F,B.3. 
New Edition, with beautiful sled EngraTinga, cloth gilt, 8*. ; morocoo, ^ll, 

Shakspeare^s Dramatic and Poetical Works. 

Eevised from the Original Editions, with a Memoir, and Esaay on his Ghnius, 
by Barry Cbrawall \ also, Annotations and Introductory Remark a on his 
Plaja, by R. H. Home, with numerous Enfiravings by Kenny Meadows. 
3 Tolumea, super ^royal Bro, cloth, £Z 2s. 



Skakspeare's Works. 



Edited by T. O. Halliwell, with a series of steel Portraits, 3 tolumeSi 
royal 8vo, cloth gilt, £2 10^. 



Wkie 

Hf Or, The Shadow of the Temple. Sacred Poems and Private Ejaoulstiona in. 
H Imitation of Oaorge Herbert, By GHEiaTOFHEE Habvuy, M,A. In 
HI limp oloth, \a^ 

y 



Sfmgogue ; 



Treasury of TImught from Shakspeare : 

The Choice Sayings of hia Principal Characters, AnalytieaUy tf^ 
beticaliy Arranged, Crown 8ro. haudsomely bound, 5j» j morocoo^ 
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EDUCITIOKIL WORKS. 
Bacon^^a [Lord) Writings and PMlosopVf. 

Edited by G-. Ii. Cbaik, I1L.D., Professor of EngKsh literature, Qaeen*8 
College, Belfast, with Index, etc. Tenth Thousand. Small 8to, doth, 3«. Qd. 

Biblical Antiquities and Geogrwphy^ 

Including the Language, Geography, and Early History of' Palestine. Edited 
by the S^. P. A. Cox, D.D., LL.D., with maps and numerous illustrations. 
7*. 6rf. 
"The most readable book on the subject in oar laagm^e.** — Baptiat Magfiudne, 

British Geography and History {Dictionary of). 

By James Bbyce, LL.D., F.G.S., and Sascusl Neil, Esq., with illustrations. 
2nd Edition, crown 8vo, cloth, 3*. M, 

Broderifs {W. J.y F.B.S.) Zoological Becreations. 

New Edition, revised, enlarged, and corrected by the Aitthoe, with numerooB 
illustrations. Eighth Thousand. Crown 8ro, antique, cloth, 3^. 6d. 
" It is a book for young and old — a book in which instruction, amusement, and humanitjr are 
linked together."— Xtfoitfr. 

Calisthenics; 

Or, the Elements of Bodily Culture, on Pestalozzian PHnciples. A contribu- 
tion to Practical Education, By Henbt Db Lasp^e. 4to, bound in cloth, 
21*. 
*^* Invaluable to heads of scholastic establishments who hold the belief that 

the possession by the young of a vigorous physique tends to a more healthy 

activity of the mind. 



Circle of the Sciences {The) — 



A Series of Popular Treatises on the Natural and Physical Sciences, and their 
Applications, by Professors Owen, Ansted, Young, and. Tennant 5 Drs. Latbamt 
Smith, Scoffern, Busbnan, and Bronner ; Messrs. Mitchell, Twistlen, Dallas, Qore, 
Imray, Martin, Sparling, and others ; compete in 9 volumes, crown Svo, cloth 
lettered, illustrated with many thousand engravings on wood, each 55. 

Yol. 1. — Organic Nature — Vol. 1. Animal and Vegetable Physio- 
logy ; the Skeleton and the Teeth ; Varieties of the HuiTMm Bimw^ by Professor 
Owen, Dr. Latham, and Dr. Bushnan. 

Vols. 2 and 3. — Orgamc Nature — Vols. 2 and 3. Stmctnral and 
Systematic Botany, an- 1 Natural History of the Animal Kingdom, by Dr. 
Edwaed Smith and AVilliam S. Dallas, F.L.S. 

Yol, 4. — Ia'ORGINIC Natukb — Geology and Pkysical Geographj; 
Crystallography ; Mineralogy \ '^eteorcA.o^y % wvSl KX.xsicsaj^^'tv^'^V^wak^^^ 
i»r Professor Ahstbd ; llev. \^. TyteoraL,l&..k.-,^Sw&«ii«'^^ 
ScoFFJSRV ; and B. J. Iiowx, ^w\. 
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Vol. 5. — Peactical Astronomt, Navigation, and Nautical Astbo- 
iroMY, bj Hugh Bbsen, Esq., Greenwich Obserratory, and Professor 

YOUHQ. 

VoL 6. — Elementaet Chemistry. — The Imponderable Agents and 
Inorganio Bodies, by John Sooppebn, M.I>. 

Vol. 7. — Peactical Chemistry. — Monograplis on Electro-Metallurgy ; 
the Photographic Art ; Chemistry of Food and its Adulterations ; Artificial 
light, by Geobge Gobe, Birmingham ; John Scoffebn, M.D. ; Dr. 
EnwABD Bbonkeb, Bradford ; Mabcus SPABLma ; and John Mabtin. 

Vol. 8. — Mathematical Science — Philosophy of Arithmetic; 
Algebra ttnd its Solntiotisj Plane Geometry; Ix)garithmB, Planes, and 
Spherical Trigonometry ; Mensuration and Practical Geometry, with use of 
Instruments, by Professor YouNa ; Key. J. P. GDwisden, M. A., Sandhurst 
College ; and Alexandsb Jabdine, Esq., C.E. 

Vol. 9. — Mechanical Philosophy — The Properties of Matter, Ele- 
mentary Statics ; Dynamics ; Hydrostatics ; Hydrodynamics ; Pneumatics ; 
Practical Mechanics ; and the Steam Engine, by the Eey. Walter Mitcuell, 
JUL ; J. B. Yoxrira } and Jomr Imbay, M. A ' 

Circle of the Sciences^ in sepwrate Treatises^ cloth — 

£ 9. d, 

1. AeI6TED*S GfiOLOGT AND PHYSICAL GbOOEAPHY 2 6 

2. Bbben*s Practical Astronomy 2 6 

3. Bronner and Scoffern's Chemistry of Food and Diet ..016 
i. Bu8HNAN*8 Physiology of Animal and Vegetable Life ..016 
6. Gore's Theory and Practice of Electro-Deposition .... 1 6 

6. IhbaY'b PvAoncAL Mechanics 1 6 

7. On the Steam-Engine 2 

8. JABDZirE' 8 Practical Geohbtry 10 

9. Latham's Varieties of the Human Species 1 6 

10. Martin's Photographic Art : its Theory and Practice 2 6 

11. Mitchell and Tennant's Crystillograpay and Mineralogy 3 

12. Mitchell's Properties of Matter and Elementary Statics 16 

13. Owen's Principal Forms of the Skeleton and the Teeth 2 6 

li. Primary Atlas of Modern and Ancient Geography 2 6 

l£f. Primary Atlas of Geography, col 3 6 

16. Scofpern's Chemistry of Light, Heat, and Electricity ..030 

17. Chemistry of the Inorganic Bodies 3 

18. Chemistry of Artipioial Light 1 6 

19. ■■ AND Lowe's Practical Meteorology 1 C 

20. Smith's Introduction to Botany, Structural and Syste- 
matic 2 

21. Twisden's Plane and Spherical Trigonometry 1 C 

22. Twisdbn on Series and Logarithms 1 

28b TouKo's Elements OF Algebra 10 

24. Solutions of Questionb in Algebra 1 
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CIBOLE OF THE SCIENCES— Continxtbd. 

£ *. d. 

25. Young's Navigation and Nautical Astbonomt 2 6 

26. Plane Gbombtrt 1 6 

27. — Simple Abtthmetic 1 

28. Elbhentar^ Dynamics l 



Chronological Tables : 



From the Earliest Records to the End of the Fifteenth Centniy. Edited by 
Isaiah M*Bamej, B.A., F.S.A. 6«. 

Chronological Tables : 

From the beginning of the Sixteenth Centurj to the present day. Edited bj 
Samuel Neil^ Esq. 5#. 

Dallas's {W. S.) Popular History of the Animal 
Creation : 

Being a systematic and popular Description of the Habits, Structure, and 
Classification of Animals. New Edition, with many hundred Illustrations, 
crown 8yo, cloth, 8*. 6d, 

UngUsh Grammar {Improved System of). 

With copious Exercises and Explanatory Obserrations ; adapted to the use 
of Schools and to the purpose of private tuition. By Bobebt Connell, 
Teacher of English, History, and Geography, Q-lasgow. Price 1*., boimd. 

Edmonds' {Oeorge) Universal Alphabet, Orammur, 

And Language ; comprising a Scientific Classification of the Elements of 
Discourse, and a Dictionary. 4to, doth, 42s. 

French Grammar; 

Or, Plain Instructions for the Learning of French. By William Cobbett. 
Twelfth Edition. Bevised, with additions and corrections by James Paul 
Cobbett. Foolscap Svo, cloth, Zs. 6d. Exercises to the same, with Key, 
foolscap Svo, cloth, 2s. 

French Verbs and Exercises ; 

Intended for the use of Mothers and Gh>vemesses, and those who are teaching 
themselves. By Miss S. Cobbett. Cloth Is, Qd, 

Practical and Theoretical. "By 3o^^ "CmiAarfi^, ^.k.^^:^^.,'^52kS.., I 
Deputy Reader in Geology in t\i© T3mNw«A.^ ol O^W^,^^ T^xm.Kt^x«. 
niastrsitiona. New and revised :adiV\oti m Viie vt^%%,^^^ ^« 
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Oloamlogy y 



Or, tho Hiitorical Helationa of Lai^guages. B7 Sir JoHX StoddabTj LL.D., 
TifBt Biviflioii, 7*, Gd. ,^m 



Grammar {J) of the Englufi Language. 



In a Series of Letter* \ intended^for the use of ftchoob and young perious in 
generoiL By WlU^lAM CoBJJlTT* New and only complete Author's Edition.. 
With an additional chfipter on. Pronunciation, bj ihe Author^s flOU| JamjQS 
Paal Cobbett. Cloth, 1*. 6ef. 



Historg of Greece^ 

Front the Earliest Times to the Close of the FelopoxiDesian War» By E, 
PococKij Eaq.i Bir T. N. TAiyouitD, B.CL.; Rev. J. B. Ottlet, A.M.; 
and the late J. T. Eutt, Esq., with upwards of 100 EngrariDgs &om tha 
most authentic soTirceSp 9f. 



d 



Sktory of Greece and Macedonia^ 

]From tbo .Age of Xenophon to the Ab&orptioa of Greece in the Horn an 
Empire, including the Hi&tory of Alexander the Great and- his Succeflsors, 
By Dr. I/TALL, Dean of Canterbury j Eev. G» C. RENOf iSDj B,D,, etc., etc. 
With numerons Illustrations* Bs, 
" The DIsseTtatioiMi ij'b fnll« lumhiaas, koA ohmuioflj wriUiBa/'—Moleetic Et^kw, ^H 

History qf Greeh Literature, I 

^Bj the Hon, Sir T, JT, Taxfoited, D,CX.; the Right E^t, C. J, BLOMFradP 

' 3>*1>., Bishop of London j E* Whitcomub, Eeq,^ MA., Trinity College, 

Cambridge ; E. PocoGKE,Eiq. ; the E^v. J, B. Ottley, M,A. | and theE^L 

E. TfioaipBOy, M,A., St. John's College, Cambridge. 7*, M* ^M 

'* Foil of informatiori expressed ia the cboioest tangiiage." — ^f AfH^UHi. ^H 

History of Greek and Mommi Philosophy and Science^ 

By the Eight Eev. CflAELEe BtOMJeriLli, D.D., Bishop of London j Ker. Dr, 
WnEWELL, and other Contributors* 4j, 

"A mor^ interestiiig and instniQtive voluiDe th&a thia bu not been offered to the pnblio for a 
kiKi£ time."— 0»/tcr. ^_ 

Great Events of Great Britain. " 

A Chronological Record of its History, from the Boman InraAiion to the 
Present Titxie. With an Introductory Sketch by Sir Ed ward 9, Creasy, 
^ndsomely bound, cloth giltj 3*. 6d. 
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GRIFFIN^S EDITIONS OF CLASSICS. 
Uxtracts from Casars Commentaries^ 

With a ClasBified Yocabuluj and Ck)pious Notes^ by Joseph Ourrie, Classical 
Master of the G^lasgow Academy. JE^ourth Kditiox^ revised, 18mo^ cloth, 2«. 

Extracts from Ovid^s Metamx)rphose8^ 

With Copious Notes, by I. M'Burney, LL.D. Third Edition, 18mo, cloth, 2s. 

The Works of Virgil^ 

With English Notes, Original and Selected. By Archibald Hamilton Brjce 
LL.D. With numerous Illustrations. In Three Parts. Foolscap 8vo, 
cloth, 28, 6(2. each. 1. Bucolics and G-eorgics. 2. The^neid, Liber 1 — 6. 
3. The JBneid, 7—12 j or, complete in one Tolamei 6^. 

FirgiUi Opera. 

The Complete Works of Virgil, from the Text of Heyne and Wagner. With 
300 Illustrations, from the most authentic sources, and Introductory Disser- 
tation on the Life and Poetry of Virgil, by Bev. Henry Thompson, M.A., 
late Scholar of Cambridge. Crown Svo, bound, 8*. Qd, With Illustrative 
Notes, by A. H. Bryce, B.A., one of the Masters in the High School 
of Edinburgh, cloth, 10«. Qd.; cloth, gilt side and edges, 128. 6d, 



The Works of Horace j 



With English Notes, original and selected. By Joseph Carrie, Classical 
Master of the G-lasgow Academy. With numerous Illustrations. In Two 
Parts. Foolscap 8yo, cloth, 3*. each. 1. Carmiiuu 2. Satires. Or, in One 
Volume, complete, cloth, bevelled, 5*. 



JBorafii Opera. 



The Complete Works of Horace, from the Text of Orellius, with 250 Illustra- 
tions, and Introductory Dissertation, by the Rev. Henry Tiiompson, M.A., 
Cambridge, Vicar of Chard. Crown Svo, bound, 7*. 6d. With Notes, by 
Joseph Currie, one of the Classical Masters in the Glasgow Academy. Crown 
8to, cloth, 9s.; gilt sides, 10*. 6^. 

" Two handred engraTinss taken from good authorities, and jadioioosly placed just where 
they are of most service in throwing light upon the text" —Mhenatum. 

** Besides the great merit of the work as to externals, it has the recommendation of an 
excellent text and copious notes, with a well- written introductory essay."— iiterary Gazette. 
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USEFUL BOOKS FOR TEACHERS. 
ONE SHILLING EACH. Limp Cloth. 



Arithmetic of Decimals [The). 



With copious Illustrations of Improved Modes of Beckoning. Bjr Jajcxs 
Bbyob, M. a., JFelloar of the Gbobgioal Society. 



Arithmetic of Fractions [The) 



And Proportion ; investigated and explained. !For the use of Pupil Teachers 
and Senior Classes. By John Copland, Schoolmaster of ]0 winning. 



Dictionartf of Bates 



Containing upwards of Twenty Thousand Historieal SViots, relating to all 
Times and Countries. Edited by Sakvel Neil, Eeotor of Moffat Academy. 

IV. 

Bible Studenfs [The) Book of Bates. 

Bj John Txtbnbs. 

T. 

Greek and Macedonian Chronology. 

9^10 Student's Book of Dates. By John Titbnbb. 

VI. 

Boman Chronology. 

The fitedent's Book of Dates. By John Titbnsb. 



Intellecttml Pov>ers of Man [Essays on the). 

Bj Thokas Beid, D.D. New Edition, crown 8vo, cloth, 5«. 

Zo/m Oramma/r [A)^ 

For the use of Boys ; being an explanation of the Budiments of the Latin 
Ltngnage. By Jambs Paul Cobbett. Cloth, 2s. 

Logic. 

By the Most Rev. Riohaed Whately, D.D., Archbishop of Dublin. The 
(rifpiuil Sdition, with Synopsis and Index by the Editor, 3«. 

Vmgnall — Historical and Miscellaneotia Questions, 

Tor the use of Young People. By Richical Mangnall. New Illustrated 
Icftiosi, greatly enlarged and corrected, and continued to the paresent time. 
Bf iMAAX OtSBor, M.A., 12mo, bound, 4a. 



24 CHABLB8 O&IFFIN AND CO.'s 



Manual of EngThh lAteratwre. 



By Professor Cbaik. Being an abridgment of the larger work ; forming a con- 
venient and comprehensive Text Book for Schools and Colleges, it supplies all 
the information needed by Students in preparing themselves for the Civil 
Service and other competitive examinationB. Crown 8to, doth, 7«. 6c{. 

Mental Science. 

Sahuel Tatlob Colebidob on Method ; Archbishop Whatblt's Treatise 
on Logic and Bhetoric. Crown 8vo, cloth, 5«. 

Method. 

Introductory Dissertation on the Science of. Method. By Samuel Taylob 
CoLEBiDaB. With a Synopsis. Sixth Edition. 2«. 

Moral and Metaphysical PMlosophy — 

Systems of Philosophy Anterior to the Time of Christ By the Bev. F. D. 
Mattrioe, M.A. Fourth Edition, re-written, 5*. 
** Complete and Mtiflfaotory."~-X<^afy €huetU, 

Moral and Metaphysical Philosophy — 

The Philosophy of the First Six Centuries. By the Kev. F. D. Maitbice, 
M.A. Zs, Qd. 

Moral and Metaphysical Philosophy — 

Mediseval Philosophy. By the Bev. F. D. MAxmiOE, M.A. 5«. 

Moral and Metaphysical Philosophy — 

Fourth Division, from the 14th Century to the French Revolution, with a 
GUmpse into the 19th Century. By the Bev. F. D. Maubice. 10*. 6<i. 

Natural History of the Inanimate Creation, 

As Becorded in the Structure of the Earth, the PJants of the Field, and the 
Atmospheric Phenomena. By Professor Ansted, MA., F.R.S., F.G.S. 
With numerous Illustrations, post 8vo, cloth, 7«. 6(2. 

Natural Wonders of the World {The) ; 

Or, Curiosities of Physical Q-eography, including G-laciers, the Q-ulf Stream, 
Icebergs, Trade Winds, Monsoons, the Desert, Earthquakes, and Volcanoes. 
With Illustrations. By William Wittioh. 18mo, cloth antique, fancy 
edges, 2«. 6d. 

Occult Sciences {Compendium of the). 

Containing the Traditions and Superstitions of Past Times, and the Marvels 
of the Present Day, in a Series of Historical Sketches. By Rev. Edwabd 
Smedlbt, M.A., E. Rich, Esq., and other Contributors. 6*. 
" A repository of curious information . . . most inatructive and int^wsting reading." — 
lAterary Gazette. 

" Full of real learning."— Pre«». 



Ottoman Umpire {History of the). 



Including a Survey of the Greek Empire and the Crusades. By Colonel 
TaocTEBf Rev. J. E. Biddle, and James M'Conoohie, Esq. 7*. 6cil. 



L I 

I 



JPk^mcal Sciences^ Oyclopmdia of the^ 

Comprismg Acoutticgj, Astroijomy, Dj" nam ice, Electricity, Heafc, Hydfody- 
namicB^ MflgnetiBm, PbiJosophy of Matbematics, Meteorology, OptiOB, 
Pneumatics, Station, etc., ote, Bj Fpofesaor J. P* NiCBOl., LL.D. Second 
EditioD, rerlAed and enlarged] ^ith Aiapa aud Illustration^j 3to, bound in 
Boiburghe atyle, 21** 

" Xt takes its place at onc^^ iiiid of cdiitei^i mnonj^ stfindard wttfkft, . ^ * The ^ndoud ol 
onr opiavDTi \a the CLXddleDCe Df tbe miitl^f, tbe fresbLeu of tHe irtfcl»B« And the attflutioii whkb 
lim beeu piJd to brtngiDg m tho most, revent fiews and. diBcovBrien." — Athentsum* 

Wall pri&ted and iUunt rated, &iid moat ably edited/' — Mxaminet. 

* "A nio«t uAeful book ol r^feretvce^ deservinf bi|;h C4iam«ndat!Oii."<— WtttmlnHer S^nVu. 

Practical Book-keeping ^ a Complete System of, 

^Exemplified in I'ive Sets of Book^, arranged bj Single Entry, Doulik Entry 
in preflent practice, and & new methDd of Double Entry by Single. And an 
Appendix, containing a variety of Illtiatrations and ExereiBea, with a Beries 
of Engraved Formii of Accounts. By C. Mqstiibok, Accountant, lifintli 
Edition, with valuable additions and improvements^ Sro^ half- bound, 8«. 

Proufs [Samuel] Blementary Drawing Book 

Q£ Landtcapes and Euildinga. Oblong 4to, cloth, 3s. 6d. 



QTJIN'S HISTORICAL ATLAS, 
in Atlas of Ancient and Medim^al HiMory— 

A. If* 1 to A-D, 1423, in a Series of 10 Mapa^ with a KiBtorical NarratiTe by 
I^DWABD Qu^iK, M.A, Eojftl Svo, httlf-boundj 10s. %d. 

land Atlas of Unimrml History, 

In A Series of Culonred Mapa of the World, aa known at different periods. 
Engraved by Sydney Hall. I?ew Edition, royal 8vo, half*bonnd, 12*. 6J. 

A Library Histoncal Atlas ; 

In Si Series of Coloured Maps of the Wo rid t aa known at different periods, 
with a Hifltorical Narrative, brought down to the conclusion of the Crimean 
War, hj EtiwAKD Qvinr, M.A. JS'ew Edition, royal 4to, cloth, 2U, 



MamMes in Word Lore; 

Cbntaining upwards of 1600 IlIustratis>nB of the Poetry, History, and Wis- 
dom af Words. By WiiiLiAM Swlntow. JFcap. 8vo, doth, a*. 6rf» 



I 



I 
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PEOFBSSOR RAMSAY'S CLASSICAL WORKS. 
Cieero. 

The Speecli of Aulas Olaentios Habihis, with Prolegomena and yolami 
^otes. By William. B/lmsay, M.A., Trinitj College, Cambridge. Or 
8to, cloth, 6«. 

Manual of Bomam AnUqidties, 

With Map, numerous Engrayings, and yer^ copious Index. Serenth Edit 
crown 8vo, cloth, 8*. 6d, 

*' CompciBos all the results of modem improTed sobolsnliip within a xoodesate oompasi 
Aihenemm, 

Memeniartf Manual of Boman AntiquitieSy 

Adapted for Junior Classes. Numerous Illustrations, Second Edition, ci 
8to, cloth, 4is. 

Manual of Latin Prosody. 

Third Edition. Berised and greatly enlarged. Crown 870, cloth, 5«. 

Elementary Manual of Latin Prosody. 

Adapted for Junior Classes. Crown 8vo, cloth, 2«, 

Ovid and Tihullus {Selections from) ^ 

With Notes. Third Edition, 12mo, cloth, 6«. 



Bhetoric. 

By the Most Bev. Biohaed Whatelt, D.D., Archbishop of Dublin, 
original Edition, with Synopsis and Index by the Editor. 3ff. 6i. 



Boman History ^ 



In English and French, from the foundation of Borne to the BattL 
Actium. Eor the use of Schools. By William Cobbett. In 2 vols., 



History of the Boman BepuhUc. 



By the Bev. Thomis Aenold, D.D., late Head Master, Bugby School ; 
Thos. N. Talpotjed, D.O.L. ; the Bev. Professor Jbeemie, and otl 
With nume3x>us Illustrations. 89. 6i. 



History of the Boman Umpire. 



By the Bev. Thomas Aenold, D.D., late Head Master, Bugby School, 
/ otiiers. With, numerous Illustrations. 10*. 6(Z. 



CATAXOStTE OP iSOOSi. 27 



Sistofy of th^e Decline and Fall of the Roman Power. 

Bj ike Bight Koy. BUbop Buas£E>, etc. With numciroue lUu^tr^tioiis, 
10#. &;. 



SisfoTf/ of Eoman LiteraMre, 



By fcbe Eer. Thomas Abn-old. D.D-t late Head Mastrar, Bu^by School j Tter, 
MBTHT TnoMPsoifi M.A.^ B0¥. Dr. TTewman; Bsv-^ J. B. Otxlkx, M.A,i 
and Eer. J. M. Nhale, Wardeti af Saokriik Oollege, 7«. Sdi 



SpeUing hy Bictatioii, 



ProgressiTS Exercises in English Orthoffi^phy for Seboola and OltiI Seirvice 
Biammafciotifl. Bj the Kev. Alex. J". D* D'Oaaer, B,D., Englieh Lecturer 
at Corpi]^ ChrUtl College, Cambridge. Ttrelfth Thoumud, ISmo^ cloth, \s. 

Student's Natural History [The). 

Being a Dictionary of the Natural Seietices. With a Zjologieal Ohai*t» 
flhewing fcho Distribution! aud R^uge of AtiimaJ. Life. By W* Ba.ied, M-D., 
FX.3^, British Muaeum. NamDifoua UIuAtrationM. Demy 8ro^ clotb gilt^ 
red edges, 10^* Qd. 

"TtiBTTork ii a very ciEtefol one, atid will oontribnto, hj iti ohcftpnea? aod (jpmpCBbenjireiieBaj. 
ta foster tbe extending taata for natoral i^sianceK" — Westmifittsr Meclcw, 

**Wfl would well racomraftnd this TolmnH to otudddtd of Brnt-jratbiitory,"— Lanfief. 

"Few men oould be better qufcUiled ibr auob a t&sk Iba'i Dr. Baird. . . » We oftn 
rooomiQeiifl it B^ a uaefal work of relfereuoe on the piibject of n^turali hiatory/'— Jl/fteJKPK?»- 

" Edited with the atmo^t o&re, wnd deaerrciB to fjleUe aiblod^ st&ndard workd of rofereac^e." — 

"A most Talnablo work/'-^i!!?/(Mjfc49 Sevald. 

" Well worthy to be ooupled with^If icbori Phyiioal BoteiLeeL^^JEniiHiiifl^, 

The Wonders of a Candle. 

A Course ef Six Lediurei oti the Chemieal Kiatory of a Candb ; to wbieih is 
added a Lecture on Pktmum, delivered before a Juvenilo Audience at the 
Royal Institution of GreaL Britalu. By MiCHiltr. FahadaY, D.C.L., F.KS. 
Edited by W. Crooked j E.O-S. With nmneroufl Illuitrationa. J'cap* 8to, 
cl«th, 3*. m. 

Physical Forces {The). 

A Course of Six Ijecture* on the Vftrioua Forces of Matta^, and their Bela- 
tions to each other. By Professor Fahauat. Edited by W. Crookes, PhC^S, 
With nunieron3 lUuatrationi. Tliird EditioHj feap. 8vo, clotb, ^. Gd, 

The abo7e Two Series, bound in one Tolume, fcsp. 8 to, clotb, gilt edges, 6*. 

The Studenfs Saudhook of Modern Sistory, 

From the Beginning of the Sixteenth Centory to tbe PreBent Day, Edit'*'^ 
by 9«.mtiel Neil, Keetor of Moftat Academy ; with a Sketch of die ¥rf 
Ee volution, by Lord Brougham. Crown Sro, olotb^ 5^, 
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Trigonometry. 

B J asoBfiS B. Airy, F.BS., AMranoBwr BojaL Edited bj Hng^ BIm^- 
boni, M.A^ Prc^BSOT of MathematicB in the UniTersitf of Glasgow, 2c. Qd. 

Universal Grammar ; 

Or, Hie Pme Scienee of Langiaige. B/ Sir JoHV Sdqqdoaxt, Knt, IXJ). 
Third SditiGn, leriaed. 5«. 
"TW mndeKt and aost pkSonplDcd tmlM of the Idad m Oe Sag^A Ingaec*— JWlft 



Unitersal Histary {Introduction to). 

Oe the Use* of ffiitorr a* m Studr, and oa die Sepention of Oe Snlj Facts 
of mnarf froai Fabl^ Bj Sir /onr SioiHitASX, IXJ>. Be-viitten. U. 
* We eaaaot ipnk too ki|^ m its pcne."— Xafarwy Gcxctte. 

Vocabmlanf of Philosophy {The\ 

3ionl,l[ieaitBLaiidMf«i9liTBeal; with QaoCafioas and BcfaoieeB Cor the 
lae of Stadenta. Br Wiuzam Fcnaira^ I> J)^ Ploiia w t of Moral Ihilo- 
sophj in the U mt e nitj of Gla^nw. Seeood Kditiin, xeriHd and greatij 
cnlaiiged. FcapL 9n^ ciod^ 7a. 6& 



300SS FOR YOUTH. 

IN BIOGRAPHY. HISTORY. FICTION, ETC. 

Meedofe Book {The) ; 

Oi^ five naMifed Claims a*ri yri'nm -^^ 3rsm8iiVik 

jlmhiam Siphts' J&tfertaimmenfs {The). 

Xnr aad verr c^eap FdaiM, mA mu m U 4dO Woodcifi 

£ooi (^ Tatamrite Stories {The) : 

AScrinafC^WDftlTa^&rTaKBsPacf^ Bt Ax233Sek. HjlZT Hswns; 
I AMBlBd^aBdacbBei. Snavr Stm. ctek. exit i 

/ «aL 
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Boo^ of Trades [The) 



A Familiar Description of the Modes artd Processes bj which the Wants and 
Luxuries of Modern Civilisation are supplied. Adapted for Schoob, Collegeif, 
find Familiefl. Bj Jai^ceS Wylde, Avithor of the " Magic of Science/^ 
etc., etc. With thirty <t wo IHustrotioos, Foolscap Svo, cloth, 4*- ^d, j with 
gilt edgesj 5j, 



British Admirah [Lives of), 

And Natal History of Gretit Britain from the Day a of C^san Bj Dr* John 
Gaufbiix. Illustrated bj numeroui^ Portraits, Fac-Bimiles^ atid JSngi^ayingi, 
leap* 8to, doth, 2a, 6^, ; fancy boards, 2s. 

Coriez and Pizarro : 

The Stories of the Conqneati of Msiico and Peru, with the Early Biaooveriea 
and AdFcnturea of th& Spaniards in the New World, r©*told for YoutK By 
WzLLiAM DALTOjf, author of ** Jack A^ama." "The Wolf Boy in China," 
etc. With IHuEtrationa by John Gilbert. Fcap Qvo^ cloth, gilt edgei, 5f. 

Familmr Fables in Prose mid Verse. 

[By the most emineDt Writers of aU ages and conntriea. With sixteen quaint 
and humourous lUuAtrationa bj Grand vilJe. Crown 8?o, handsomely bound, 
cloth gUt, 3^. M, 

Rarr^^s Vacatio?i ; 

Of, Holidays at Beechwood» Ifew Edition. A book for Boys, combining 
instruction' with amusement; in a mmi entcEttaimng form* SmaU 8to, 
(jloth, 3j. Qd. 

Kind's (Dr.) Moly Lmd. 

The Mountains, Valleys, and Eivera of the Holy Land ; being the Physical 
Geography of Paleatine, By John KittOj D.D,, F.S^A- Just ready, new 
Edition, fcsap. 8vo, handsomely bounds 2*. 6d.; in bevelled boarda, rjai 

\Lam}/8 {Charles and Mary) Tales from Shahspeare. 

i?0w Edition, To which are now added Scenes illustrating each Tale. With 
numerous Woodcuts from Designs hy Harvey. Edited by Charles Knight. 
Small Svo, cloth, bcFelled boaxds, 2#. %d, ; with gUt edges, 3*. ; moroc<K> 
antiquej 7*. 

Memorabh Wonmi: 

The Story of then? Lives. By Mrs. Newton Cboslabd, Author of " lydia : 
a Woman's Book." With 'eight lEustrations hj Birket Foster, Fourth 
Edition, fcap. 8¥0, cloth, ^. M. ; with gilt cdge», 4s. 

**OtiP of thoaa worka about wtJinea whiah a wojoaa only aan write. We CBnnotiir 
Bum deligbtfidp etrengthcnin^, and eleiumtuy excrciie for u youUiful femele thAEk tlia 
of laoh a TolacQ^ iw 'Memorable Women/ '^ — Morning Advttti*^^ 
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Bohimon Crusoe. 

Bj DijnEli Dbtox* Complete, beautifttl large type. Wi& Blortrfttioiis hy 
Zireoker. Sro, doth, 5«. 

Seven Champions of Christendom 

(The Lives and Extraordinary Adventures of the). By BlOHAKD Johhbqzt. 
With Illustrations by Edward Corbould* £Vrap. cloth, gilt edges, d«. QJi 

Treasury of ThougM from Shahspeare : 

The Choice Sayings of his Principal Characters, analyttcaUy and alphabeti- 
cally arranged. Just published, crown 8vo, handsomely bound, 5«. 



Young Benjamm FranhUn ; 



Or, the Bight Boad through Life. A stoi^ showing the principles which 
raised him from a printer's boy to the first ambass^lor of the American 
Bepublic. By Hxitbt Mathew. Illustrated by John €Hlbert. Small 8vo, 
cloth gilt, &r. 



MISCELLANEOUS LITEMTURE* 

COMPRISING A GREAT NUMBER OF VALUABLE WORKS ON 
VARIOUS SUBJECTS BY DISTINGUISHED AUTHORS. 



lOED BROU&HAM^S WORKS. 
England and France under the House of Lancaster. 

New Edition, with Portraits, cloth, 10*. 6d. 

Historical Sketches of Eminent Statesmen of the 
Time of George III. 

New and cheap Edition, 3 vols., small 8vo, cloth, 7*. 6c?. 

Tracts, Mathematical and Physical. 

Second Edition, crown 8yo, cloth, 7«. 6i. 

Dzalo^ues on Instinct^ 

-^d 8ie Charles Bell's Animal "MLec^iMsica. ^txfflSL%^o.^^^i^V'^^^>a^ 



CATixooiTX Of moQixa* St 



ConfrihutmiB to the EdiBbnrffh Revkw^ 

How Srab collcctud, under the direct Bap«rmt«iid^iioe and Befiiioii of his 
Ldrdship. 3 ¥ola., 8to, cloth, £1 \%s, 

Tliifl Worlt compIeEea the Series of the Writings of the Oripinatort of the 
Edinburgh Eemen^j rjkug^s with the Orfgmal Editioixi of Lord Broiighntn^A States- 
men and otlier Works, and forms the ojai^ com^ieie ^iiiiou of iimm ariicUf tk^ 
v^l he issuffdi 

*^Tb« RTeat (^hana of tb« work bofore ns ia that it dci«4 Iiot mtrelj wt^nd over « muf^ of 
ftiilg^cts aiDj^ularl^ wide, but tlmt «verj topio qJoUf^ tlio r&Dge is ditgiivacd wllh n moatory ol tto 
eesf DtiflJ featares/' — JSxaminif. 

"An evideace of tbe energy, th^ exiept, mnd tlt9 TotuUIilj of X^ofd Bruughjun'i ^mtitu/'— > 
Fret*. 

"A ri^markable luiHcelUnr of leorniDg, wiidonij and etoqneno**,** — lAt^ftt^ Oni^t^. 

** Hie xneiynutn i?j?rf£ nil! ba fibeiiiihed oa the kritjr legacy of ii grd^t niJtid to A grottt |ieoiil&<'*^ 

The Critical^ Historical^ and Jfiscellaneous Works 
of Henry ^ Lord Br on ff ham, F,B,S, 

How first collected under the direct care and euperintendeace of hit Lard* 
ship. In 11 poet 8*o Tolumefij cloth, 5ff* each* 

Tol 1. — Lives of Peii^osophees oi' thu TniB of George IIL, 
eompriain^ Blsfk, Watt^ Prlettlej, Ckrendisb, ^^yj$ Simionj Adam 8mitli, 
Layoiaier, JBanka^ and D'Altfrnbeft* 

YoL 2. — Lives of Men of Lettehs of thk Tms of OEORfiK TIL, 

oompri^g Toltaire, Eouetseau, Ilume, Eobertsoii, Johnsmi, and Qibbjn. 

Yol 3,— Skjitches of Bbitish Statesmen of the Heign of Gicokob 
III. Nevr Edition, containijig t\m I^ettoti of George III. to Lord Korth, not 
hfore printed. 

YoL 4^Sketc7he8 of BitrrisH Statibmin op the Time of Gsobcr 
m. Ayir lY. Isew Edition^ enlarged hj numerous ^sh Sketobed atui otfier 
ftdditiopal matter. 

Vol 5. — Sketches of Foeeign Statismeji of thu Tihb of Oeobob 
HI* Keir Udition, gretllj^ «iki^«A 

YoL 6.^ — Katubal Theologti c3oni prising a Diaecmree of Ifatoral 

Theologj, Dialoguei on Instinct, and Dissertations on the StruiftllW of ^ 
Cells ot Beea Btid EoMd Osteology* 

p^ol. 7, — Rhetorical and Litekaet Dissertations and A3nn}^§mM\ 
coaiiirUiii^ Discotifse of Ancieni Eloquence, Lord Eeetor'i Addbesi, Bhatori- 
cil Contributiona to Iho Edinburgh ifvjsw. Mod DiMSOurses of th« Otgacti, 
Pleisares, and Adrnutages of SdeD<^ and FolUkel Bdenee^ 

Tot 8, — ^Historical and Political Disseexatiose ; compmmg 

Bakuc* of Power, Foreign PoHi^ and Kelotions, W&r M«8«iir«i| FmM 
Le^shi.tion, Eerolutions, Ee£E>rms^ Eight of BeaFch, etCp, etc 

tdk. 9, 10, — Speeches on Social asd Political Suaricrs, with 
Hutorical latrodactioui. 2 toU, 

^ol 11. — Thb EEiTisa CoifiSTiTUTioir I it& Hktofj, Strajctnii^ 
WarkiBg. 
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Anecdotes, Literary and Scientific, 

niusfawtire of the Character, Habits, and Conversation of Men of Lette: 
Sdenoe. Edited by William Keddie, Secretary to the Philosophical S 
of Glasgow. Third Edition. Crown 8yo, cloth, bevelled boards, 3«. 6< 



Booh of Bates [The) : 

A Treasury of Universal Beference, from the Earliest Periods to the P 
Time, arranged Chronologicallj and Alphabetically. One vol., post 
cloth gilt, antique, bevelled. A new Edition at press. 

'* A fltorehonse of facts and dates.*'— /Apec^o^or. 

** Admirably adapted for a work of reference."— Xt^eraiy Gaeette, 

BoswelVs Life of Dr. Johnson, 

With his Correspondence and Conversations. With a series of Illastn 
l^ew Edition, edited, with copious Notes and Biographical Illustratio 
E. Malone. 8vo, cloth, 5«. 



WILLIAM COBBETT'S WORKS. 

THE ONLY COMPLETE ORIGINAL AUTHOR'S EDITION? 

Adoice to Totmg Men, 

And (incidentally) to Young Women, in the Middle and Higher ] 
of life. In a series of Letters addressed to a Youth, a Bachelor, a ] 
a Husband, a Father, a Citizen, and a Subject. New Edition. Fo< 
8vo, cloth, 2«. Qd, ; gilt, elegant, Zs, 

Cohhetfs PoUtical Works {Selections from). 

With Notes, Historical and Explanatory, by 'John M. and Jam: 
CoBBETT. In 6 vols. 8vo, cloth, reduced to 15*. 



Cohhetfs Twopenny Trash ; 



Or, Politics for the Poor. Complete in 22 Nos.,' 2d, each, or in 2 
12ino, 8*. 



Cottage Economy 



Containing every Matter deemed useful in conducting the Affairs 
Labourer's Family. Foolscap 8vo, cloth, 1*. %d. 



UngUsh Gardener: 



CSontaining Full Instructions for the Cultivation of Plants, Fruit Trees, 
ower Growing, etc., etc. Fcap. Svo, cloth, 3*. 6^. 



CATAxoouB air iiaoK£« 



3$ 



WILLIAM COBBETrS WOEES.— CoNTisnjKD, 

Ormm?mr (A) of the Enfflkh Language / 



d 



In a geriea of Letters i intended for the use of School* and young pei*soiia m 
general J but raore fiBpeeially for the use of Soldiers, SatlorSj Apprentif^es, 
and Plough boy p ; to whioh are added, aix lesHOni, intended to prevent States- 
men from using false Grammar, and from writing in an awkwitrd manner. 
Hew and only complete Author's Edition ; with an additional chapter on 
Prommciation, by the Author*i Bon, James Paul Oobbbtt. Cloth, 1*. £w^. 



Sbrsehocing Htishandrg . 



A Treatiie on the principleB of Tillage and Yegetation. By JethsO Tri 
"With an introduction by William Gobbett. 8vOj cloth j 15** 



2 Tolii. 12 mo, boai-da, lOs. Qd, 



King George the Fourth 

(History of the Hegonoy and Reign of) . 

Pa^er agaiusl Gold, 

Written to show the justico and necessity of redndng the intereet of the 
Kational Debt. Price 2^, ^ 

Poor Mcm^s Friend: 1 

A Defence of the Rights of those who do the Work ^nd Fight the Battlee. 
Fcap. 8vOj hmp, Ij, 

Boman Ehlorg {Memenis of) ; 

Xn EngUflh and Pronch, from the foundation of Rome to the Battle of Actium. 
For the use of Schools and young persons. In 2 voli, 12c?. 

Mitral Mdes : 

With Economical and Political Oheer^ations, relative to mattera appli- 
cable tOj and ilhiatmted by the state of the several counties traversed. 
A Kew EtHTEOif with Notea by the Author's Son, J, P, Cobbett. 
Clothj 3j. 6d. 



Woodlands {Tfie). 



A Treatise on Preparing the Ground for Planting, and a Tariety of uaefiil 
information on Pruning, Planting, and the Growth of Forest Trcee, etc, eti 
Svo, clotb, 14 J. 



English Sott^eheeper [The) ; 



Or, Manual of Domestic Manfto;eraent : Containing advice on the Conduct ( 
Hou&ehold AiFairg, and practical infltructiona, intended for the use of Youn 
Ladies who undertake the superintendence of their own Housekeeping. E| 

AjfJTE COBBETT. CJoth, 3ff. %d. 



Fmnce [Letters from). 



Beini; observationa made im that Country afUr ft three men* 
By JouN M. CoBBETT. Cloth, 4j, 6^^. 
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Channing {Bev. Dr. W. B.) 

(The complete Works of). OonsiJsting of his Lectures, Essays, and Orations. 
With Critical and Explonatoij Notes to each Lecture and Essay. Li -two 
Tols. 8to, cloth, 10*. 6^. ^' , 

Channing's {Bev. Dr. W. B.) Literary WbrJcs^ 

Liduding his Essays and Beyiews. In one vol. 8ro, cloth, price 5*. 

The Coinage of the British Umpire: 

An Outline of the Progress of the Coinage of Great Britain and her Depen- 
dencies, from the EarUest Period to the Present Time. By Hekby Koel 
HuHFHBEYS. With numcrous Plates, Fac-similes, etc., printed in Gh)ld and 
Colours. Lnperial Sto, emhlematically bound in imitation bog oak, antique, 
price 25*. 

CooFs Voyages. 

Voyages Bound the World, by Captain Cook. Illustrated with Maps and 
nimierous Engravings, 2 vols., super-royal 8to, cloth, 30«. 

Cotton Spinner's Manual {The) ; 

Or, Compendium of the Principles of Cotton Spinning. Limp cloth, 1*. Qd. ; 
embossed roan, 2^. 

Cwiosities of Biography : 

Memoirs of Extraordinary and Eccentric Characters, by Bobebt Malcolm. 
Illustrated by Characteristic Portraits. Ecap. 8yo, cloth, 2s, 6d, ; fancy 
boards, 2s, 

Dalgairns' Cookery. 

The Practice of Cookery, adapted to the Business of Every-day Life, by Mrs. 

DALaAiBNS. 16th Edition, enlarged, fcap. Sro, cloth, 3*. 6d, 
As a work at once reliable and economical, Mrs. Dalgaims' Cookery can be 
most confidently recommended. It also gives correct receipts for the best 
Scotch Dishes. 

British Eloquence. 

The Literary, Political, and Social Oratory of the Nineteenth Century, in 
Seven Volumes, fcap. 8vo, cloth, 3*. Qd, each, as follows, viz : — 

Literary Oratory ; Addresses at various Literary Institutions, 
by Alison, Brewster, Herschel, Knight, D'lsraeli, Talfourd, Lord Carlisle, 
Earl Stanhope, Layard, Dean of Hereford, Warren, Shuttleworth, etc., 
etc.^ 3Yols. 

Political Oratory; Parliamentary Oratory during the Thirty 
Years' Peace — Canning, Castlereagh, Durham, Grey, Huskisson, Liverpool, 
Mackintosh, Romilly, Eussell, Wellington, Macaulay, Brougham, 
O'Connell, Shiel, Melbourne, Peel, Palmerston, Lyndhurst. 2 Vols, 

F Oratory — Whately (Archbishop of Dublin), Bishops of 

and Oxford, Trench, Dale, StoweU, Bickersteth, Melville, Guthrie, 
, Brown, Eadie, Hamilton, etc. 2 Yols. 
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English Literature {a Compendious History of). 

And of the English Language, from the Norman Conquest. With numerous 
specimens. By GsoiiGtE'- L. Csaie,< LL.D. In 2 Vols., Iwrge 8?o, 
handsome clotb, 25«. $ tree calf, 37«. 6d, 

English Woman's Library: 

A Series of Moral and Descriptive iDales, by Mrs. Ellis, cloth, each 2*. 6d.; 
with gilt backs and edges^ 3«. 

. — The Women of England: their Social Duties and Domestic 
Habits, 39th thousand. 

. — The Daughters op England : their Position in Society, Character, 
and Eesponsibilities, 20th thousand. 

. — The Wives op England : their Relative Duties, Domestic In- 
fluence, and Social Obligations, 18th thousand. 

,^-The Mothers op J^gland : their Influence and Responsibility, 
20 th thousand. 

. — Family Secrets ; or. Hints to make Home Happy, 3 vols., 23rd 

thousand. 
.—Summer and Winter in the Pyrenees, 10th thousand. 
. — Temper and Temperament ; or, Varieties of Character, 2 vols., 

loth thousand. 

. — Prevention Better than Cure ; or. The Moral Wants of the 

World we live in, 12th thousand. 
. — ^Hearts and Homes ; or, Social Distinction, 3 vols.; 10th thousand. 

Emerson s [Ralph Waldo) Orations, 

Lectures, and Essays. On toned paper, crown Svo, cloth, 2j. 6<?. 

Eventful Life of a Soldier 

(Recollections of the) in the Peninsula. By Joseph Donaldson, Sergeant 
in the Ninety-fourth Scots Regiment. New Edition, foolscap Svo, cloth, 
Zs. &d, I with gilt sides and edges, 49. 

The Universal Gazetteer ; 

Or, Cyclopeedia of Descriptive, Political, and Physical Geography, with a 
Chart of the World, and numerous Illustrations. By James Bexoe, LL.D., 
r.G.S. 8vo^ cloth, 8*. Qd. ; morocco antique, 16*. 
" The simplest, handiest, and best of portable one vohime Gazetteers."— Examiner. 
"A sufficient and accarate book of geographioal reference." — Literary QujteUe, 
" A praiseworthy contribation to oar stock of educational works on geography." — Fre»», 

The Library Gazetteer and Atlas; 

Or, Complete Dictionary of Q-eography. By James Brtce, LL.D., F.' 
and A. K. Johnston, F.R.S.E., F.R.G.S., F.a.8. With 20 Coloured lu 
and numerous Illustrations, Svo, Roxhurghe, 18«. 

Treat Men of Great Britain. 

Being Biographies of men distinguished as Statesmen, Poets, Authors, Artistii 
Discoverers, Philanthropists, and of great Warriors by Sea and Land, etc., ef"> 
By Sir Archibald Alison, Sir David Bbewsteb, Sir Edwabd 0" 
Charles Knight, etc., etc., etc. With numerous illustrations and \ 
very handsomely bound, 3*. 6rf. 
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GEIFPIN'S UNIVERSAL LIBRAET. 

In limp cloth, lUnstrated, as follows : — 

£ 8. d. 

1. BoBiN Hood. A GoUection of Poems, Song^, and Ballads relating 

to that celehrated Outlaw. Edited hy Joseph Bitson * 1 6 

2. VoYAOB Bound thb Wobld. By George Anson, Commander- 

in-Chief of a Squadron sent upon an Expedition to the South Seas 16 

3. Bubns's (Bobbbt), Poetical Works. With Memoir of the Author. .016 

4. Tbistbam Shandy (The Life and Opinions of). By the Bey. Lau- 

rence Sterne, M. A 2 

5. Thb Pobtical and Dramatic Works op Edmund Young, LL.D. ..026 

6. Incidents of Tbavbl in Greece, Turkey, Bussia, and Poland. By 

J. L. Stephens, Esq 2 6 

7. Goldsmith's Miscellaneous Essays 16 

8. Thompson's Poetical Wobks, comprising his Pastoral, Dramatic, 

Lyrical, and Didactic Poems 2 6 

9. Goldsmith's Vicar of Wakefield, and Johnson's Bassblas .... 1 

10. Chaucer's Cantebbuby Tales. Edited hy Thomas Wright .... 2 6 

11. Picciola; or. The Prison Flower. A Tale. By X. Boniface Saintine 10 

12. Schiller's Tragedies, translated hy S. T. Coleridge 1 

13. Goldsmith's Pobms and Plays 1 6 

14. Kuimpfer's Account of Japan 1 6 

15. Milton's Complete Poetical Works 2 

16. Goldsmith's Citizen of the World , I 1 6 

17. Locke on the Beasonableness of Christianity 1 

18. Sir Walter Scott's Poetical Works 1 6 

19. Goethe's Faust, translated by Lewis Filmoro 1 

20. Lord Bacon's Essays 10 

%* Others in preparation. 

Also in Volumes, containing two or more of the aboye works bound together, 
at 2s, 6d. each, as follows : — 

1. Bobtn Hood and Chaucer. 

2. Goldsmith, Scott, and Bobin Hood. 

3. Young, Goethe, and Schiller. 

4. Milton and Young. 

5. Milton and Thomson. 

6. VicAB of Wakefield, Tristram Shandy, Picciola, Johnson's 
Bassblas, etc. 

T. Aksoh's Voyages, Stephens's Tbatels, and £(emffbb's Japan. 
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GEIFFIN'S CHEAP ENTERTAINING SERIES. 
Lamartine, 

RecoUectiona of a PUgrimage to tKe Holy Land. By ALPno^fsE Be 

TjAMARTiyE, 



SalmaffimcU ; 



Oj? tb© Whim-Whsnifl and Opinions of Launoelot LangeteiL Bj WASEiifaTON 

Wmiderful Booh {TU), 

ContsiTiTOg Stories about Wonderful Things in Hatura and Art, Embelliahed 
with Fourteoti Engravings, 

Sailors' Yarns; 

Or J Stories of the Sea, A Collection of Nautieal Tale^ and AnDodotes. 

Anecdote Book (The) / 

Or, Cirtjle of Wit, A Choice Collection of Aneodotet and Jasti, emliraomg 
iha JSerioos, the PatbetiCj and the Eaoetiouji. 

Mother's BooJc [The); 

A Practical Treatise on the Management and Education o£ Childrcfn* Bj 
Mrs, CnxLB. 

Domestic Manmrs of the AmeHoam [The); 

Or, Sketches of the People of the United Statea. By Eminent TraToUers. 

Steam Engine HxpMned {The) : 

A Popular Deaciiption of the different parta of the Steam Engine, the Mode 
of their Connection and Principle of Attion, Bj William OiirEi. 

*ii* Thb above in one YoLnaiE, j^tiat clotiTj 2*, Bd^ 



China and Japan. 

BecoUections of Baron Groa's Emhaaay to China and Japan in 1857-8. By 
the Marquis DJ5 Mooeb, Attaelit^ to 0i6 Miasion. Authorked translation* 
With coloured 111 narrations- Second Edition, Ci*own 8vo, clothe 3*. 6d. 

Hmidbooh of Biography ; 

Emhracing Original Memoirs of the *mo»t Difltlngnished Feraons of all times. 
By Sir Aechibauj Alia ox, Sir Datid Bebwstee, Sir Edwahi* CitEAaT, 
Profossor Eadib, and many other eminent writers* Edited by Elihu Kick. 
With numerous Illustrations and Portraits on steel Post 8vo, bound in the 

LEoiburgbe style, 10*. M, 
A La^rqh Papee Edition, to ^\Mx \ft oAd^d a Classified List of ihe 
Mo»tDmtifigMm\ted Persons o£ allftgea B;n4 c&xKtoa^ ^Ttttvw^i^ ^^^ca^^ 
' " 
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India in Greece ; 

Or, Tnitli in Mythology : containing an Account of the Sources of the Hel- 
lenic Bace, the Colonization . of Egypt and Palestine, the Wars of the Grand 
Lama, and the Bud'histio Propaganda in Greece. By K Pococke, Esq. 
Illustrated -with Maps. Post Sro, cloth, 5«. 



Language of Flowers {The) ; 



Or, the Pilgrimage of Love. By Thomas Millee. With eight beautifully 
coloured Plates. Small 8vo, cloth, gilt edges, 3«. Qd.i handsomely bound 
in silk and in morocco, 8j. 



Language of Flowers (TheJ. 



Cheap Edition. Abridged from the larger Edition. By Thohas MtTjLEB. 
With coloured Frontispiece. Limp cloth, 1*. 

I/iber Alius — 

The White Book of the City of London, compiled a.d. 1419. By JOHK 
Caepenteb (Richard Whittington, Mayor). Translated and extensirely 
annotated from the Original Latin and Norman-French, by Henry T. Biley, 
M.A. 4to, cloth, 18«. 

London Labour and the London Poor : 

A Cyclopedia of the Condition and Earnings of those that Will Work, those 
that Cannot Work, and those that Will Not Work. By Henet Mathew. 
With Illustrations from Photographs. In 3 vols., 8vo, cloth, 4*. 6(f. each. 

London Labour and the London Poor. 

The Extra Yolume : Those that Will Not Work ; Comprising the Non- 
workers, by Henet Mathew ; Prostitutes, by Beacebeedge Hemyng; 
Thieves, by John Binntj Beggars, by Aitdeew Hallidat. With an 
Introductory Essay on the Agencies at Present in Operation in the Metro- 
polis for the Suppression of Crime and Yice, by the Rev. William Tctckniss, 
B.A., Chaplain to the Society for the Rescue of Young Women and Children. 
With Illustrations of Scenes and Localities. 3 large voL, 8vo, cloth, 10». Qd» 

Companion Yolume to the above. 

Criminal Prisons of London^ 

And Scenes of Prison Life. By Heney Mathew and John Binnt. Illus- 
trated by nearly 200 Engravings on wood, principally from Photographs. 1 
large vol., 8vo, cloth, 10*. Qd. 

I Contents : — General Yiew oi liOTLdoii, \i% Population, Size, and Contrasts— 

/ Professional London — Criminal liOndoiv— "Peii^OTj.-^^!^?* "^xS&wi— Taa "Hulks at 
TFooiwjch— Millbank Prison— T\ie "MSidd\eaeiL Uo\x%?> ol Ti^'c<«j.W— ^O^^^iSc^ 
FieldB-The Middlesex House o£ CoxxectioTi, Tlo>Ct^^\ m^\^^-;^\^ 
of Correction, Wandsworth— l!Jewgate—H.oTaemo^^g,ex\ie.^^<^^s^^^^^^ 
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GEOEGB MEASOM^S GUIDES 

TO THE DIFFERENT RAILWAYS IN THE UNITED KINGDOM, 
With descriptions of the various objects of interest in each route, 

INCLUDING THE MOST IMPORTANT MANUFACTORIES IN THE LARGE TOWNS, ETC. 

Profusely Illustrated. 
*#* Invaluable both to Tourists and Men of Business. 

The Great Eastern Railway. The Colcliester Line, Is. 6d. ; The 
Cambridge Line, 1*. 6d. sewed. 

The South-Western Railway. Is. sewed. 

The Isle op Wight. Is. sewed. 

The South-Eastern Railway. Is. sewed. 

The Great Northern op France. Is. sewed. 

Lancaster and Carlisle. Is. sewed. 

The Great Eastern Railway ; inclading the Colchester and Cam- 
bridge Lines. In 1 vol., cloth, 3«. 6d, 

The South- Western and Isle of Wight Railways. In 1 vol., 
cloth, 3«. ed. 

The South-Eastern Railway, and the Great Northern Railway 
OP Feance. In 1 vol., cloth, Zs. 6d. 

The Great Northern, North-Eastern, North British, Edinburgh 
AND Glasgow, Scottish Central, Edinbttroh, Perth, aitd Dundee, 
Scottish Korth^Eastbrn, and General North op Scotland Railways. 
In 1 vol. 3*. 6d, 

The Great Western Railway; including the Amalgamated West 
Midland, the Chester and Holyhead Line, and the Isle of Man. Also 
the Bristol and Exeter, North and South Devon, Cornwall and 
South Wales Railways. 3*. 6d. 

The London and North- Westbb.^ EMi?Nkx,^\tk ^U. its branches^ 

and the LaNOABTBB. and CABLiaLE, t\lft 'Eili'DKWraA^ i^S^ ^^ASS^S^^^SM 

Caledonian Railways. Cloth. a». ^d. 
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SiigJi Miller^ The Life and Times of. 

By Thohas N. Bbowk. New Edition, foolscap 870, doth, berelled boards, 
red edges, Zs, 6d. 

" Mr. Brown's memoir vnXL haife real interett to nnmeroiu readers, and we think that in the 
main he has rightly apprehended the dharao^ of the mui,*'-'2foneonformut, 

Natwral History of Domestic and Wild Animals, 

Their Structure, Habits, Localities, Distribution and Influence on Human 
Socie^. By Eoitbbt Mudib, author of " History of British Birds," with 
Steel Illustrations, foolscap. Syo, cloth, 2<. Qd, 
The same with Plates neatly Coloured and Elegantly Gilt Binding, Zs. 6d, 

Phrenology in Miniature. 

Illustrated. An Abstract of the Doctrines of Phrenology, drawn from the 
writings of Drs. GkJl and Spurzheim and Mr. Cborge Combe. Demy 16mo, 
in wrapper, 6<2. 

Pictorial Gallery of the Useful and Fine Arts, 

Illustrated by numerous beautiful steel Engrayings, and nearly Four 
Thousand Woodcuts. Edited by Chablbs Knight. 2 yols. folio, cloth gilt, 34*. 

Pictorial Mtuseum of Animated Nature. 

By Chables Enight. Illustrated with Four Thousand Woodcuts. Folio 
2 Tols., cloth, gilt, 34«. 

Principles of the Law of Nations; 

With Practical Notes, and Supplementary Essays on the Law of Blockade^ 
and on Contraband of War. By Aboheb Polson, Esq., of Lincoln's Inn ; 
to which is added Diplomacy, by T. Hart well Home, B.D.^ of St. John's 
College, Cambridge. Second Edition, 28. Qd» 

Procter* s {Col.) History of the Crusades ; 

Their Rise, Progress, and Results. With Illustrations by John Gilbert. 
Crown 8vo, cloth, 3*. Qd, 

Beady Bechoner 

(New and Lnproyed) or. Trader's Companion. Containing Tables of the 
Talue of any quantity of goods, from Jd. to 19». Qdr, Tables of Interest from 
£1 to £1000; Tables of Income; Wages Calculator, etc. 48mo, sheep. 6cf. 

Beady Bechoner 

(Fisher's) . The best in the world. New Edition, 18mo, bound. Is, ed. 

Veterinary Art {Blaine's Outlines of the) ; 

Or, a Treatise on the Anatomy, Physiology, and Curative Treatment of 
-UiseaseB of the Horse, and subordinately of those of Neat Cattle and Sheep 
hy Plates. Seventh Edition, thoroughly revised and enlarged 
SiEBL, M:.R.C.y .S.L., l^t\i LittiCCTs, «vo, doth, 18«* 
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Hank and Talent of the Time : 9 

«► A Correct Dictionarj of Ooutemporarj Biography, contaming all tlvo Lead- 
ing CislebritiBH of the 13 ay, written by Tariou* Contributors, "with upwards of 
Twenty Portraits of tlie Leftding Men in ScietiCfl and Art, sm>erbly engraved 
on atoel. Complete in One valimie. Crown Svo, liandaomely bound, Is. ^,\ 
irithont the PortraitSj ulotb, elegant, 6j. 

*^ We are happr \a be able to «ppak of it id teriDa of commeodfttioii. It £i carpMlf ciompiled ; 
tlip notiefita, S3 th.« poet isid of tbe Thiame], ure, ^mtbout o'efUowJng, full/ Tiifl type fa eicaJi- 
ItiDt; and tbe book ia^ eren with ohq thouattod moti^es^ {KiitablD. It ia fauidiKiine enough Ln the 
getting up te> de^erte a plaoe on the drtLTring-rdom table ; and tlmple enjoagh, and oionl enouKb, 
to stand -ffortliilr lunaag library bookt of lefereDU wbieb *re being coafitiUitljr hitndked.'' 

"Wb httTo examined niany of ibo»e denoted to person vitb tbe main fatta of trbowi Uvpb -we 
happen to be acqanintad^ Bicd C4in testify to their ticaaraoy on all important polnte/' — Bpe.ctaitii'^ 

" The TDlame hu the merit of mpproEirnat^ pompleteneBa, correetnesa,, and impactialitr/' -* 



Thoinson^s [Spencer, M,B.^ L,BX\S., Mdinhurgh) 

Diction DTy of Domeatie Medicine and Household Surgery. New Edition, 
Thoroughly reTisod, and bronght down to the present stata of Medical Science- 
With the addition of an appendix and a crhapter on the Management of the 
Sick Room. lUuBtrated witb 150 Engravings on wood. Foat Svo> cloth, 

" The beat and aareat book on DnnjestJo MedioiD* trad Hoaaeboid 9arg0ry whieh liaa yflt 
nppesced,"— £o/iJw* Jvwrnal i^ Medicine* 

" Dr. ThomaaD has fuHy BDCceeded ta ooDTejiDi; ts the puhlio e Tiafc un<Qhnnt of useful prof^> 

** The beat production of the kind we possess." ^Uhrisf tan WHiteti^ 

" Tha amjoaut of Ufleful knowledge conreyed m thk work i* anrpriHing.'*— Jfi'^wfli Timu aau£ 



Mncycloprndia Metropolitans ; 



d 



A Universal Dictionary of Knowledge. Complete Sets, puhliahed in 5D parts 
at One C-uinea eatrh^ bound in 28 Yola., demy 4to, halfjjound, Eueaia hand% 
treble lettered^ marbkd edge», £16 16«. ^H 

Gbsteeai. I&tdkx TDTHEEN0TOtop.si3iA MxTsoFOLiTAirA, oontninlBg lOOjOSl 
Eeferenceg, Mo^ cloth ^ 10s. 6d 



Jssm m Fads, Marh cmiiatmng a Goviphte Treaim. 
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Agbiottlttjbb. By Eev. M. EnsaeU, LL,B. Two plates ^.. ^ 6 

Aia:EBEA AMU Gedmeteicai, Akaltsis, By Dr. Lardner, F,E.S.„,,..... 3 ^H 
AjfixxTiCAL Geometry axu Coiric Sections. By Professor Hamilton, ^| 

l^.R.8. Eour plates , ..,. 3 

Anatomy, By J. K South, RL.S,, and E. Lb Qboi Ciaek. 16 plot^a...^^^^ 

A3CTi3T:ECTirBE. By Professor I^arri en , F. E.S . 23 plates 

AurrnMETic;* By Geo. Peacock, D.D,, Dean of Ely. Tlu-ee plutea 
CAUCULt/S ot PuKCTiONs. By Profesaot De Mi3T^«k-a,¥.U:^ ,., 
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ENOYCLOPiBDiA ICBTSOFOLITANA* — Continued, g^ ^^ 

CHEMiSTaY. By Rev. F. Lunn, M.A., F.R.S. Two plates 4 6 

Oeystallooeaphy. By H. J. Brooke, F.B.S. Five plates. 2 6 

Definitb Ihteobals. By Professor Mosely, M.A., F.R.S 2 

DiPTSBEKTiAL Aim iNTsasAL Calculus. By Professor Levy, M.A. 8 

Eleoteioity. By Rev. F. Lunn, M.A., F.R.S. Five plates 5 

ENasAYiNa. . By Rev. J. Lindsay, M.A. Four plates 3 6 

FiGTJEB OP THE Eaeth. By Gt. B. Airy, F.R.S. Three plates 4 

aALYAiasM. By P. M. Roget, M.A., F.R.S. One plate 2 

Geombtey. By Prof. Barlow, F.R.S. Six plates 3 6 

Heat. By Rev. F. Lunn, M.A., F.R.S. One plate 4 

HOETICrLTTTEE, FLGEIOTrLTTTEE, AND ASBOBICrLTUBE. By Q-, DOU, F.L.S. 3 

Logic. By Archbishop Whately 2 

Magnetism. By Prof. Barlow, F.R.S. Nine plates 6 

Mateeia Medioa. By Dr. Johnston 1 6 

Mechanics. By Professor Barlow, F.R.S. 19 plates 9 

Medicine, Principles ofl By Robert Williams, M.D 7 6 

Method. By S. T. Coleridge 1 

Mineealogy. By H. J. Brooke, F.RS 2 6 

Music. By J. Gwilt, F.R.S ; 3 

Nautical AsTBONOMY. By Captain Kater, F.R.S. Two plates 2 

Naval Abchitectuee. By George Harvey, F.R.S. Six plates 5 

NuMBEBS, Theory of. By Prof. Barlow, F.RS 1 6 

Numismatics. By Green. Twoplates 2 

Optics. By Peter Barlow, F.R.S. 10 engravings , 6 

Painting. By Bishop James, D.D., and Rev. J. Lindsay, M.A. 12 plates. 7 

Physical AsTBONOMY. By Sir John Herschel, F.R.S. 1 plate... 4 

Pneumatics. By Professor Barlow, F.R.S. 14 plates 6 

PoETBY. By J. Hughes, M. A., Oxford , 1 6 

Rhetobic. By Archbishop Whately , 2 6 

SuBOEBY. ByW. Bowman, F.R.S 2 

Tbiqonometby. By G. B. Airy, M.A., F.R.S. 2 plates 2 6 

TsaasJOaY. By Professor Corrie, B.D., and Rev. H. J. Rose, B.D 2 

Abt. By W. C. Spooner. 2 plates 2 

'?HmDLoa7, and Compabativib Anatomy. By J. F. South, 

I1.R, F. Le Gtos Clark, and T. Solly, F.R.S 8 

of 98 Engravings to ditto 25 

4y Thomas Edwards, F.L.S., and George Don, F.L.S 7 

i ov Yabiatxons and Calculus op Finite Dippebenceb. 

By the Bov.T. G.Hall, M.A. 3 

r. By the Rev. Henry Thompson, M.A. Illustrated 3 

ID MiXASETnoAli Philobophy. By the Rev. F. D. Maurioe... 4 6 

Tw^, F.R.S., F.R.S.E., &F.G.S 9 

■or Nassau W. Senior 4 

.atoddMt,liL.D 5 
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METEOPOLITMA STASBIHD EICICLOPJIBIAS, 

4to, 



I 



Abts, Manufactures, a^d Machinery. By Professor Bakiow- With 
Introductory Diseertation by Professor Eabbag6i 87 pages of Steel Engravings 
bj Lowi'ie, Cloth, 42^, 

Aeteonomt— Plane Astronomy (Professor Bahlow) ; Kantical Astro- 
nomy (Captain Xatee) ; Physical Astmnomj (Sir J. Heesdhel) ; Fignre of 
tho Earth, Tides, and Waves (Professor Aie^). 21 Plates. Clofchj 21*. 

ExFEniMEXTAL Philobopht — MagnetiBiD, Electro-Magnetism, Elec- 
tricity, Galvanism* Heat, Chemistry, Met^jorolo^y, Bj Professor Bablow, 
Eev. F. LuNK, Dr. P. M. Roqet, and G. Haetet^ P.R.S. 39 PMes* 
Cloth, 31f. 6d. 

Pe^ Arts — Arch itec tare, Sculpture, Painting, Heraldry, Nnmis- 
matice, Poetry ^ Musio and Engraving. By Naekiek, WHsmjiCOTT, BriHOp^ 
Jjuiras, Geiek, Hbahes, Gwtlt, and LnrDaAT, 55 Plates. Ooth, 3Ls. 6d. 

Medical Sciences — Anatomy, by South and Le Gnos Olaek^ 

Surgery, by Dr. Bowmak ; llateria MedicUj by JOHN&ON ; Principles of 
Medicine, by Wniiiars $ Ycterinojy Art, by Bpooitee, 18 Plates. Cloth, 
2U. 



# 
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Mechahtcal Philosophy — MeelianicB, Pnenmatics, Sound, and Lig' 
By Profestor Baexow and Sir John Hbbsohxe, 53 Pktea. Cloth, 31*. 

Mental Philosophy — Mctliod, hj Colekidul ; Grrammar, by Sir J, 

Stoddaut j Logic and HhetoriCs hy Aichbishop Whately j Moral Philo- 
sophy, by Professor Matjeige ; Law, by Jebb, POLaoif, and Professor 
GeaVES ; and Theology, by Professor Coeeie. Cloth, SI*, 

PtiBE Mateematccs — Geometry, Arithmetic, Algebra, Geomotrical 
Analysis J Theory of Kambars, Trigonometryj jinalyti<?al Geometry, Conio 
Sections, Uifferentful Calculus, Inte^al Calcnlus, CbIcuIub of Variations, 
Calculus of Pinite Differences, Calculus of Functions, Theory of ProbabiUtiea 
and Definite lotegrsls. By Professors AiET, Baelow, Be Moeoait, Hi 
Bev. H, P. Hamilton J Dr, Laeditke, Professors Leyy and Mobily, and 
Dean of Ely, 17 Plates. Cloth, 31*. M. 

KATEPJi.L History- — Botanj, Zoology, Crystallograpliy, Mineralogy, 
and Geology, 131 Pktea, 4to, bj EDWAnns, DoK, Beooee, and Profeiaors 
PiiiLUpg and Dattbeny, Cloth, ^2s. Qd. 

Useful Akts— Agricnlfcnre, Horticulture, Commerce, PoUi 
Iconotny, Carpentry, Fortification, and Kaval Arebitecture, By ' 
Lowe, Sekioe, etc, 19 Plates, Cloth, 21^. 

Aiey's (G. B., F.R.S., Astronomer Royal) Treatises on Figure 
the Earth J Tides and Waves, and Trigonometry, 11 Plates. 14^. 

Heeschel's (Sir John, Bart., F:B.S.) Treatises on LigM, Sound, 
Physical Astronomy, 21 Plates, 21s. 

Aechitect's (The) and Builder's Ekcyclopjjdia, comprisiog 
Geometry, Mechanics, Architecture, Carpentry, and Jomery 
cloth, many PlateSj 2ls. 6<i, 
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METBOFOLITANA BTAKDABD ENCYCLOPEDIAS. — Continued 

Farmer's (The) ENCYCLOPiEDiA, comprising Agricnltnre, Horticulture, 
Botany and Yeterinary Art. 4to, cloth, many Plates, 15«. 

Student's (The) ExcYCLOPiEDiA, comprising Method, Logic, Rhetoric, 
Grammar, Moral Philosophy, and Political Economy. 4to, cloth, 15«. 

Junior Course op Mathematics, comprising Arithmetic, Geometry, 
Algehra, Geometrical Analysis, Theory of Numbers, Trigonometry, Analytical 
Geometry, and Conic Sections. Many Diagrams. 4to, cloth, 10s, Gd, 

Scientific Treatises— -Chemistry, by the Kev. F. Lunn, F.R.S. ; 
MeteorologVi by Geobgb Habvbt, F.R.S. j and Mechanics, by Professor 
' Bablow, F.R.S. Cloth, lOs. ed. 

Chemistry, Mineralogy, and Geology. By Rev. F. Lunn, M.A. ; 
H. J. Bboobb, F.E.S. 5 and Professor Phillips. Cloth, 15*. 

Pure Sciences (The) — viz., Grammar, Rhetoric, Geometry, Arith- 
metic, Algebra, Trigonometry, Conic Sections, Differential Calculus, Integral 
Calculus. By distinguished Professors. 10«. 6d, 
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TEE ENCTCLOPJIDIA METROPOLITMA, 

CABINET EDITION. 

Thoroughly Bevised and abundantly Illustrated, publishing in yolumes, each 
containing a complete Treatise. In. 45 volumes, crown 8vo, cloth. 

1. — Introductory Dissertation on the Science op Method. By 

Samubl Taylob CoLBBiDaB ; wth a Synopsis. Sixth Edition, 2s, 

2. — Universal Grammar ; or, The Pure Science of Language. By 
Sir John Stoddabt, Knt., LL.D. . Third Edition, revised, 6*. 

**The sonudest and most philosophical treatise of the kind in the English language."— iVbWA 
Britigh Meview, 

3. — Logic. By the most Rev. Richard Whately, D.D., Archbishop 
of Dublin. The Original Edition, with Synopsis and Index by the Editor. 
3s. 

4. — Rhetoric By the most Rev. Richard Whately, D,D., Arch- 
bishop of Dublin. The Original Edition, with Synopsis and Index by the 
Editor. 3*. 6d, 

5. — History of the Christun Church in the First Century. 
By the Eight Kev. Samuel Hinds, D.D., Bishop of Norwich, and the Rev. 
J. H. Newman, D.D. Third Edition, revised. 6*. 
" Erudite research is here combined with independent thovLght."— Scottish Guardian, 

6. — Political Economy. By Nassau Willlajme Senior, Esq., late 
Professor of Political Economy in the University of Oxford. Fourth 
Edition. 4s, 

7. — History op the Jews, from the time of Alexander the Great 
to the destruction of Jerusalem by Titus, a.m. 3595, B.C. 409 to a.d. 70. By 
the Venerable Archdeacon HALis, A.M., Master of the Charterhouse. Fourth 
Edition, 2s, 6d, 
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THE JKCTZOLOFiEDlA MEI^EOFOIITA^A. — OQniiiiH&d. 

8. — Sacked Histokt and Btographt, from the ArLtediluvian Porioi 
to tha TiniG of the Proplict Malachi, A.M* 1 to A.M. 3607, B.O, 397, Edited 
bj the Eev, F. A. Co3C, D.D., LL.D. 6j. h 

'* Fleaiiiag aud gt>odj and worthy of geceral attention/' — Untied Fmt^ffieriam Mazarine. ^H 

9. —History op Gkpek Lite rat dee. Bj tlie Hon. Sir T. IT. Tal- 
FOTJitD, D,OX. ; this Eight Rev. C, J, BloMPULD, B.D., Bishop of London j 
E. WfiiTCOStBE, Esq., M.A., Trinity College^ Cs.tnhTidg& j E. PoOocke, Eaq. ; 
the Rev. J. B. OttilEy, M. A. j $jid the Rct. H. THOMTSOiTj M.A,^ St. Johii*s 
College^ Camhridge. 7#. Gd. ^m 

^'^FdIL of iuformatioD, expreaaed in the olioicoat lonfnagfl."^ — AihsTUPUm* ^H 

10. — Moj^AL .U4D IVlETAPKtSICAL PhTLOSOPHT ; SjstemB of PhilosopTlT 
Anterior to Uie time of Christ* By the EsT. P, D, MAUmca^ M,A. roiufiii 
EditiuHj re-WTitten. 5^. ^H 

*' Complete and BAliBfiictorj/''— Xijarar^ Gasetfe. ^^| 

11. — LxTKODiTCTiON TO Uni?eesal Histort — Oil the Uses of History 

aa A Sttidj, and On tho Separanion of the Early I'acte of Hietoij from Fabig^ 
By Sip Jo JIN Stood ABTj LL.D. Ee- written. &j. ^H 

*' Wfl c&nxLot apeak too hlglilj iq ita praiBe,"^ — Litertiry Goatttet. ^^^k 

12. — RoMA!!^ Antiquities. BjWilliasi Eamsay. M.A., Late Professoi' 
of Humanitj in the UniTcrsity of (Glasgow. With Map and 130 IHnatration^^ 
Eoufth Edition. 8^. M. ^H 

"ComprisbB a!] the results of modem iaiproTfld BDholanhip within a moderate oomptasj^^l 

13.— Botany. By Johii Hdtton Ealfoue, M.D-, P.L.S., F.E.S.E., 
pFofessor of Bof^ny in the FuiTemty of Edinbiirgh, Fotikh Edition, 
nuineroua Engravinga. 12j. ^d. 

14. — ELEGTEO-METALLiTBnT, Containing an Account of the mostr 
TnjproTed Methods of Depositing Copper, SilTer, Gh>ld, and other Metals. 
By JAMEa ITapjib, F.C.S. Third Edition, with nunieroua IHuBtrationa. 
3j. 6^. 

'* With tbifl boot nt kmid, we dcm't think It possible to fail in obtfiizun^ utiBfaotory xf»altij 
dH JQumaL 

15. — IIifiTORY OF Greece from the Earliest Times to the Close 
the PeloiKJiinesiD.n War. By E. PocooKE, Esq. j the late Sir T. N. TAiif otJKD, 
I>,OX.; Key. J. B. Ottlby, A.M, ; and the late J. T. EtTtt, Esq. With 
upwards of 100 Engmyinga from the most authentic) lources, 9j, 
** Altogether a geau,'* — Qtaegow Citizen, 

IG, — PhotoCtKAPHY. By Bobert Httnt, P.R, S. , Professor of Physical 
Science in the MetropoUtan School of Science^ London. Fifth Editioii, 
numerous EngraTinga, 6^. 

" Muftt proTe of lafljute Berrioe to thoflo engaged ia the parenit of thin GoteFtiualDg soience." 
^^Art Jaurtial, 

1 7. — Teteeikary Aet ; a Practical Treatise on the Diseases of the 
Hoi-ie. By W. C. Spoonbe, Esq. With fifty EngmTing?j 3f. 

IS.— Eaely OiHENTAL HiSTOET : comprising the History of the 
Egyptians, Assyrian 9, Pha^nieian^i Persians, etc. By the EeT» Professor 
Eadie, U.D., LL.D, With nnmerous lilnstralions^ 8*» 
*' In all re^epects a thoroughly good hook/'— JJi-, Kitt^. 
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TlIB BNCTCIiOPJEDIA. MBTBOPOLITAKA. — CoiUinued, 

19. — ^History of ^he Roman Republic. By the Rev. Thos. Arnold, * 
D.D., late Head Master Bugby School ; Sir Thomas N. Talfousd, D.O.L. ; 
the Bey. Frofeesor Jebemie, and others. With numerous Illustratioiis, 8s, 6i. 

20. — ^Biblical Antiquities and Geoq}rapht, inclnding the Language, 
Geography, and Early History of Palestine. Edited by the Eev. E. A. Cox, 
D J)., LL.I). With Maps, and numerous Illustrations, 7s. 6d. 
" The most rctfidable book on the subject in our language." — BaptUit Magaxine, 

21. — ^Metallurgy; a Practical Treatise on the Chemistry of the 
Metals. By Johk Abthfs Futlups, Esq., E.G.S. Second Edition, reyised, 
illustrated by nearly 200 Engravinss, 12^. Qd, 
** A nne qud nan to everj metallurgist." — Mining Jcurnal, 

22. — ^History of the Christd^ Church in the Second and Third 
Centuries. By James Amibaux Jebemie, D.D., Begius Professor of 
Divinity, Cambridge. 4y. 
'* It is an admirable text-book."— J?ran^«ttca2 Magazine. 

"28. — History op Greece and Macedonu, from the Age of Xenophon 
to the Absorption of Greece in the Boman Empire, including the History of 
Alexander the Great and his Successors. By Dr. Lyacl, Dean of Canterbury, 
Bey. G. C. Benouabd, B.D., etc., etc. With numerous lUustrations, 8». 
"The dissertations are full, luminous, and charmingly written."— JEp2«c<te JLeview. 

24. — BLiSTORY OF Roman Literature. By the Rev. Thomas Arnold, 
D.D., late Head Master Bugby School ; Bev. Henbt TnoMPSON, M.A. ; Bev. 
Dr. Newman ; Bev. J. B. Ottlet, M.A. ; and Bev. J. M. Neai^ Warden of 
Sackville College. Is.Qd. 

25. — History of the Roman Emptre. By the Rev. Thomas Arnold, 
D.D., late Head Master Bugby School, and others. With numerous lUus- 
trations, 10«. 6^^. 

2C. — History of the Decline and Fall op the Roman Power. By 
the Bight Bev. Bishop Bussel, etc. With numerous Illustrations, 10*. ^d. 

27. — History of Grkek and Roman Philosophy and Science. By 
the Bight Bev. CiiARLES Blompield, D.D., Bishop of London ; Bev. Dr. 
Whewell, and other Contributors. 4*. 
"A more interesting and instructive volume than this has not been offered to the public for a 

long time." — Critic. 

28. — ^MoRAL AND Metaphysical Philosophy — the Philosophy of the 
First Six Centuries. By the Bev. F. D. Matteice, M.A. 3s. 6d, 

29. — History of the Ottoman Empire, including a Survey of the 
Greek Empire and the Crusades. By Colonel Phoctee ; Bev. J. E. Biddijs 5 
and Jambs M'Conochie, Esq. 7s, 6d, 

30. — Trigonometry. By George B. Airy, F.R.S., A^tronomei* 
Boyal. Edited by Hugh Blackburn, M.A., Professor of Mathematics in the 
University of Glasgow. 2s. Gd, 

31. — Compendium op the Occult Sciences : containing the Traditions 
and Superstitions of Past Times and the Marvels of the Present Day, in a 
series of Historical Sketches. By the Bev. Edwaed Smedlet, M.A 5 E. 
Bicn, Esq., and other Contributors. Gs. 
"A repository of curious information. . . . Most instructive and interesting reading."— 



Xi^erary Gazette. 

"Full of real learning."— Press. 



